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The  National  Bureau  of  Standards  had  investigated  thermal 
environment  of  a  family  ahelter  for  varloua  teat  conditions  experimental  3y 
and  has  been  developing  analytical  and  numerical  computational  programs 
that  predict  the  thermal  performance  of  occupied  underground  shelters. 
Details  of  these  programs  have  been  reported  previously.  The  numerical 
program  vas  designed  to  predict,  by  a  digital  computer,  temperature  and 
humidity  In  underground  shelters  for  simulated  occupancy  conditions, 
of  any  size,  shape  and  construction  detail  for  any  combination  of 
properties  of  the  surrounding  soil,  outdoor  weather  conditions,  number, 
activity  and  density  of  occupants,  and  type  of  cooling  and  ventilating 
facilities.  The  thermal  performances  of  several  prototype  shelters 
with  simulated  occupants  of  several  different  sizes  have  been  adequately 
simulated  by  the  present  computer  program.  The  computer  program  is 
basically  capable  of  predicting  thermal  environment  of  many  different 
underground  structures  if  input  parameters  are  accurately  known,  such 
as  was  the  case  for  the  prototype  shelters.  Some  of  the  important,  yet 
not  well  defined,  input  parameters  for  underground  thermal  performance 
are  temperature  and  properties  of  the  earth  surrounding  the  shelter, 
and  conditions  of  outdoor  air  which  is  usually  used  for  shelter 
ventilation.  The  earth  temperature,  earth  properties  and  outdoor  air 
conditions  are  interdependent  near  the  earth's  surface,  and  these 
parameters  vary  with  time  and  from  locality  to  locality  throughout  the 
United  States.  Thus,  it  vas  decided  that  the  earth  temperature  data 
and  outdoor  weather  data  should  be  analyzed  to  establish  reasonable 
computer  input  data  for  the  purpose  of  predicting  tin  shelter  thermal 
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environment  and  to  facilitate  design  of  economical  mechanical  systems 
for  underground  shelters.  This  report  covers  the  analysis  of  earth 
temperature  data. 

A  total  of  63  sets  of  monthly  average  earth  tern,  srature  dat^, 
Including  some  that  had  been  already  publf  slice  and  additional  data 
sL.tai.ied  irom  the  climatological  data  of  the  U.S,  Weather  Bureau,  have 
been  tabulated  and  analyzed  in  this  report.  This  technique  employs  a 
simple  harmonic  heat  transfer  equation  of  earth  temperature  va.  time 
to  calculate  the  earth  temperatures  from  a  few  characteristics  such  as 
annual  average  temperature,  surface  temperature,  annual  temperature 
amplitude,  thermal  diffusivity,  and  surface  tempe-ature  phase  angle 
from  a  selected  reference  point.  These  characteristic  values  were 
analyzed  using  least-squares  constant  which  were  obtained  by  fitting  a 
simple  harmonic  equation  to  the  data  of  the  monthly  average  earth 
temperatures.  The  higher  harmonic  terms  in  describing  annual  cycle  of 
monthly  average  earth  temperatures  were  neglected  in  this  analysis. 

By  knowing  the  characteristics  described  above,  earth  temperature 
vs.  depth  may  be  calculated  for  various  climatic  regions  and  for  various 
thermal  properties.  Simplified  analytical  studies  on  shelter  heat 
transfer,  however,  require  only  an  average  earth  temperature  surrounding 
the  shelter  at  the  rime  of  shelter  entry  Instesd  of  the  detailed 
temperature  dl atrlbut Ions .  The  average  earth  temperatures  from  surface 
to  10-ft  deoth  have  also  been  calculated  using  these  same  earth 
temperature  characteristics. 


Findings 


It  was  found  during  the  analysis  that  the  simplified  heat 
conduction  theory  based  upon  a  simple  harmonic  presentation  of  earth 
temperatures  provided  a  fair  approximation  of  monthly  average  earth 
temperature  except  near  the  surface,  provided  the  annual  average 
temperature,  the  annual  amplitude  and  phase  angle  of  the  surface 
temperature,  and  the  thermal  diffusivity  are  known. 

In-situ  thermal  dif fualvitiea  of  earth  were  computed  from  the 
observed  earth  temperature  data  both  by  amplitude  method  and  phase  angle 
method.  The  diffusivitiea  computed  by  these  two  methods  for  each  of 
earth  temperature  stations  showed  reasonably  good  agreement  for  most  of 
the  stations.  Moreover,  most  of  the  diffusivity  values  were  in  the 
range  from  0.015  and  0.035  ft^/hr.  The  difference  in  the  thermal 
diffusivitiea  calculated  by  the  two  methods  could  not  be  attributed 
definitely  to  known  causes.  The  annual  averages  of  monthly  average 
earth  temperature,  as  expected,  were  very  close  to  the  annual  average 
outdoor  air  temperature  and  to  the  Collins*  ground  water  temperature  of 
a  given  location.  The  annual  amplitude  of  the  monthly  average  earth 
surface  temperature,  however,  did  not  show  a  good  correlation  to  the 
annual  amplitude  of  monthly  average  outdoor  air  temperature.  The  phase 
angle  measured  from  January  1st  for  monthly  average  earth  temperatures 
and  air  temperatures  were  also  compared.  While  the  phase  angle  values 
of  air  temperature  cycle  showed  e  consistent  value  of  approximately 
0.6  radian  (5  weeks),  the  earth  surface  temperature  phase  angles  ranged 
from  0.4  radian  end  0.8  radian  (3.3  to  6.7  weeks). 
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Mor t  extensive  studies  are  necessary  to  establish  a  functional 
relation  between  earth  surface  temperature  and  outdoor  air  temperature 
for  various  types  of  soil,  earth  surface  •Jsaracterietlca ,  and  climatic 
conditions. 

Although  all  available  earth  temperature  data  were  compiled  during 
this  study,  the  stations  were  widely  separated  in  most  of  the  southern 
and  western  states.  It  is  recommended ,  therefore,  that  data  be  obtained 
at  additional  stations  in  those  regions  during  future  studies. 
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EARTH  TEMPERATURE  AND  THERMAL  DIFFUSIVITY 
AT  SELECTED  STATIONS  IN  THE  UNITED  STATES 


by 

T.  Kusuda  and  P.  R.  Achenbach 

ABSTRACT 

To  provide  information  related  to  the  heat  transfer  in  underground 
iiis,..*1. ions ,  63  sets  of  data  showing  annual  variations  of  monthly 
average  earth  temperatures  at  various  depths  throughout  the  48 
contiguous  states  of  the  United  States  of  America  have  been  compiled 
and  analyzed  for  the  Office  of  Civil  Defense.  These  data  have  been 
used  to  compute  the  annual  average  amplitude  and  phase  angle  of  the 
earth  temperature  by  a  least-squares  method.  Thermal  dif fusivities  of 
arth  computed  from  the  observed  temperature  deta  by  both  the  amplitude 
method  and  phase  lag  method  were  compared  for  selected  earth  temperature 
stations.  The  monthly  average  earth  temperature  at  depth  intervals  of 
two  feet  to  a  depth  of  10  feet  and  the  annual  maximum  and  minimum 
integrated  average  temperatures  in  this  region  were  calculated  for  each 
station  for  a  selected  value  of  thermal  diffusivity  using  the  results 
of  the  least-squares  analysis.  Annual  average  values  of  earth  temperature 
and  the  amplitude  and  phase  angle  of  the  annual  cycle  of  earth  surface 
temperature  were  compared  with  the  corresponding  values  of  air  and 
ground  water  temperatures. 


EARTH  TEMPERATURE  AND  THERMAL  DIFFU8IVITY 
AT  SELECTED  STATIONS  IN  THE  UNITED  STATES 

by 

T.  Kusuda  and  P.  R.  Achenbach 
National  Bureau  of  Standards 

l .  Introduction 

Earth  temperature  la  one  of  the  most  important  parameters  affectiug 

heat  transfer  in  underground  installations.  Recent  studies  of 

underground  protective  shelters  have  clearly  indicated  the  immediate 

1.2,3/ 

need  for  earth  temperature  dseign  data.-1  *■"  The  environment  in  an 
underground  protective  shelter  can  be  improved  considerably  if  the 
heat  absorbing  capacity  of  the  surrounding  earth  is  effectively  utilized. 
The  total  heat  absorbing  capacity  of  earth,  however,  cannot  be  accurately 
determined  unless  its  temperature  and  thermal  properties  are  known.  The 
earth  temperature  varies  with  latitude,  weather  conditions,  time  of  year, 
altitude,  landscaping,  shading,  neighboring  buildings,  earth  surface 
conditions,  soil  properties,  rainfall,  and  other  factors. 

Although  tne  exact  ground  temperature  at  a  specific  site  can  be 
obtained  only  by  direct  measurements,  information  on  the  general 
distribution  of  the  natural  ground  temperature  throughout  the  United 
States  Is,  nevertheless,  worth  obtaining.  Such  information  would  be 
useful  from  the  standpoint  of  shelter  planning  on  «  nationwide  '  ^sie 
and  would  aid  In  determining  the  equipment  requirements  for  ventilation, 
air-conditioning  and  heating  of  various  size  shelters. 

The  primarv  purpose  of  this  report  is  to  compile  all  available 
annual  cycles  of  monthly  average  earth  temperatures  in  the  depths 
suited  to  heat  ansfer  calculations  in  underground  protect!. e  structures. 


Numerous  earth  temperature  data  are  scattered  throughout  tne 
literature,  but  little  effort  has  been  made  in  the  past  to  compile 
them  into  a  nationwide  summary  except  for  the  work  of  Fitton  and  Brookit/ 
and  that  of  Jen-Hu  Chang.—/  A  good  many  of  the  earth  temperature  data 
compiled  by  these  workers  have,  however,  been  obtained  less  than  a  foot 
from  the  earth's  surface  and  are  not  particularly  suited  for  heat 
transfer  studies  on  underground  structures. 

For  heat  transfer  studies  on  underground  protective  structures, 
earth  temperatures  at  depths  between  3  ft  and  10  ft  are  of 
particular  significance.  A  study  was  undertaken  und^r  the  sponsorship 
of  the  Office  of  Oi^il  Defense  to  secure  earth  temperature  data  at  these 
depths  from  several  existing  soil  temperature  records 
either  published  or  unpublished.  Data  compiled  and  analyzed  in  this 
paper  are  monthly  average  earth  temperatures  for  periods  ranging  from 
one  yeer  to  several  years. 

The  analysis  of  earth  temperature  data  includes  the  following 
parts : 

(a)  The  determination  of  averaged  annual  cycles  of  mcuthl) 
average  earth  temperatures  at  various  •'epths  from  ^he  severs'  years' 
records  at  63  stations. 

(b)  Least -squares  fitting  of  observed  data  to  a  simple  harmonic 
function  to  obtain  annual  average  temperature,  annual  amplitude  of 
monthly  averages,  and  phase  angle  of  the  temperature  cycle  at  various 


depths  for  63  stations. 


(c)  Calculation  of  thermal  clffueivity  of  the  earth  at  29 
•tatlona  using  both  the  amplitude  and  phase  angle  techniques. 

(d)  Comparison  of  observed  earth  taaperatures  with  calculated 
earth  temperatures,  using  the  thermal  dlffuslvity  as  determined  in 
(c)  and  with  least-squares  constants  as  determined  in  (b)  at  each 
depth  where  the  observations  were  made, 

(e)  Calculation  of  “urth  temperature  from  the  surface  to  a  depth 
of  10  ft  at  two-foot  intervals  and  average  earth  temperature  of  the 
same  region  for  selected  values  of  thermal  diffuslvitles  and  earth 
temperature  characteristics. 

In  order  to  compere  the  earth  temperatures  with  air  temperatures, 
annual  temperature  cycles  of  outdoor  air  were  also  collected  from 
weather  stations  in  the  vicinity  of  the  ground  temperature  stations. 

The  earth  temperature#  were  aleo  compared  with  ground  water  teaperaturee 
reported  by  Colliaa.-^^ 

2 .  Location  of  Earth  Temperature  Stations 

The  many  parameter#  which  sffsct  sarth  temperature  can  be 
classified  into  the  following  three  major  groups: 

(1)  Geographical  characteristics:  letitude,  altitude,  climatic 
conditions . 

(2)  Sits  characteristics :  surface  condition,  isndscsping, 
shading,  neighboring  installations,  water  table. 

(3)  Earth  characteristics:  thermal  and  physical  properties  of 
sarth  (including  moisture  content),  pecking  density,  etc. 
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Since  many  of  theae  parameters  change  In  a  aeaconal  cycle,  or 
Irregularly  with  time,  it  ia  impossible  to  predict  exactly  the  earth 
temperature  at  any  given  location  for  any  given  time  in  the  future, 
particularly  at  locations  near  the  earth's  surface.  Earth  teopeiature 
predictions,  therefore,  are  of  a  statistical  nature  and  some  devi>  ion 
from  the  average  is  to  be  expected  in  any  given  day,  season,  or  year. 

Because  earth  temperatures  are  affected  by  so  meny  factors,  it 
would  be  desirable  in  analyzing  data  at  different  locations  for 
comparison  with  each  other  to  keep  as  many  of  these  factors,  such  as 
earth  cover,  *«d  earth  density,  constant  in  order  tc  arive 

at  meaningful  conclusions.  However,  this  approach  was  impractical 
for  the  most  part  in  the  present  study  since  the  original  te  iperature 
data  were  taken  for  a  variety  of  purposes  oy  different  investigators, 
and  the  total  number  of  stations  of  observation  lri  the  United  States 
was  quite  limited.  The  majority  of  che  ground  temperature  dat - 
available  for  this  study  were  obtained  in  undisturbed  earth  at  ■•’tatlons 
or,  open  flat  ground,  either  bare  or  grass-covered. 


The  geographical  location*  of  the  ata'  ns  for  which  earth 

temperature  data  are  eospiled  in  thia  study  are  indicated  in  Fig.  1. 

Collins'  well-water  temperature  isotherms^-/  at  depths  of  30  ft  to  60  ft 

are  superisposed  on  Fig.  1.  These  data  will  be  used  later  to  correlate 

the  ground  water  temperature  with  earth  tes^jerature.  Eighteen  filled 

circles  and  seven  open  circles  on  Fig.  1  indicate  the  stations  for 

which  data  have  been  newly  analyzed  during  the  course  of  this  /study. 

The  monthly  average  earth  temperatures  for  three  consecutive  years '  span 

were  obtained  and  analyzed  for  the  majority  of  these  twenty-five 

bi «ected 

stations.  The  stationa  c-.rked  with/open  circles  in  Fig.  1  are  tho < s 
for  which  earth  temperature  data  had  already  been  reduced  to  cn  annual 
cycle  of  average  monthly  temperatures  by  other  investigators  for 
publit_.tion.  Unfortunately,  the  majority  of  the  data  obtained  from 
these  latter  sources  did  not  contain  pertinent  Information  with  regard 
to  most  of  the  site  and  soil  characteristics,  although  they  are  still 
helpful  in  studying  the  efiect  of  the  parameters  which  were  cited. 

A  total  of  53  sets  of  dita  ho?  been  compiled  and  aoalyzed  In  this 
study  to  show  the  effect  of  combinations  or  the  above  parameters  on 
earth  temperature.  Table  1  is  a  lict  of  the  earth  tempera ture  stations 
indicated  in  Fig.  1. 
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List  of  earth  tempera tore  stations  and  results  of 
least-squares  analysis 
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3 .  Analysis  of  Eaith  Temperature  Data 

The  observed  earth  temperatures  at  various  depths,  averaged 

arithmetically  in  nionthiy  periods,  were  tabulated  for  the  63  stations 

in  Tables  ST-1  through  ST-63.  In  addition  to 

presenting  the  annual  cycle  of  monthly  average  earth  temperatures, 

the  observed  earth  temperatures  were  analyzed  to  find  best  annual 

averages,  depth  amplitude,  and  depth  phase  angles  baaed  upon  the 

assumption  that  the  earth  temperature  can  be  represented  by  a  simple 

harmonic  time  functio  .  This  assumption  may  not  represent  the  best 

possible  mathematical  model  from  the  standpoint  of  meteorological 

or  geophysical  considerations,  but  it  is  probably  satisfactory  for 

the  purpose  of  analysis  of  heat  transfer  in  underground  protective 

structures.  The  simple  harmonic  representation  cf  an  annual  cycle 

of  monthly  average  soil  temperatures  is  reasonably  accurate,  as 

89/  1 0/ 

shown  by  the  analyses  of  Penrod— *—  and  Carson.—'  Moreover,  the. 
constants  of  the  simple  harmonic  expression  of  the  earth  temperature 
cycle  can  be  related  to  thermal  diffusivity  of  the  soil  at  any 
station  for  which  temperature  data  are  taken. 


Equation  (1)  is  a  simple  harmonic  function  that  can  be  used  to 


represent  an  earth  temperature  cycle, 

t  ■  A  -  B  cos  ®  “  Py 

where:  t  is  the  monthly  average  earth  temperature,  °F 


9  is  the  time  coordinate  which  is  taken  as  zero  on 


(1) 


January  1,  hr 

T  is  the  period  of  the  temperature  cycle  *  8766  hr 
A  is  the  annual  average  earth  temperature,  °F 
B  is  the  annual  amplitude  of  the  monthly  average 
temperature  cycle,  °F 

P  is  the  phase  angle  of  the  earth  temperature  cycle,  radians 

The  values  of  A,  B,  and  P  in  equation  (1)  have  been  determined  in  two 

8  9/ 

different  ways  by  other  authors.  Penrod— computed  A  by  arithmetic 
average  of  12  monthly  average  earth  temperatures,  B  as  one-half  the 
difference  between  the  maximum  and  minimum  monthly  average  temperatures, 
and  P  by  a  rather  complicated  graphical  calculation,  Carsoni^/ 
expressed  the  annual  cycle  of  monthly  average  earth  temperatures  ac  a 
given  depth  by  a  Fourier  series  containing  six  harmonics  and  computed 
A,  B,  and  F  from  the  basic  harmonic  terms  of  the  Fourier  expression, 
both  Penrod  and  Carson  computed  their  parameters  for  each  year 
separately. 

It  should  be  pointed  out,  however,  that  the  numerical  value  of  P 
is  rather  arbitrary,  depending  upon  the  origin  of  the  tine  coordinate 
system. 
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In  this  study,  earth  temperature  cycles  of  several  years'  record 
of  monthly  averages  have  been  fitted  to  equation  (1)  by  a  least-squares 


method.  That  is,  the  values  of  constants  A,  B,  and  P  have  been 

determined,  so  that  the  sum  of  the  squares  of  differences  between  the 

fitted  harmonic  curve  and  the  observed  values  are  a  minimum.  Fig.  2 

shows  typical  annual  cycles  of  monthly  average  earth  temperatures  at 

the  surface  and  at  the  10-ft  depth  at  a  site  in  Lexington,  Kentucky. 

the  9/ 

Curves  representing/ 5-year  norm  of  Penrod,-  and  those  calculated  by 
the  least-squares  technique  are  also  shown  on  Fig,  2.  A  good  agreement 
exists  between  the  least-squares  fitted  curve  and  the  5-year  norm 
curve,  despite  the  considerable  scatter  in  earth  surface  temperature 
data. 


The  detail  of  the  mathematical  development  of  the  least-squares 
technique  is  presented  in  the  Appendix.  The  values  of  A,  B,  and  P, 
and  the  standard  deviation  of  the  observed  data  from  the  value  calculated 
by  equation  (1),  were  determined  at  each  depth  for  63  sets  of  earth 
temperature  data  and  are  shown  in  the  ST  tables.  The  absolute  value 
of  the  phase  angle,  P,  is  dependent  upon  the  coordinate  system  of  9  of 
equation  (1)  and  is  less  meaningful  than  the  difference  between  the 
values  of  P  at  two  consecutive  depths.  A*  seen  from  the  ST  tables,  the 
annual  amplitude  of  the  earth  temperature,  B,  decreased  as  the  depth 
increased,  whereas  the  annual  average  of  the  earth  temperature  was 
practically  invariant  with  respect  to  the  depth,  except  for 
irregularities  near  the  surface  region.  It  is  also  observed  from  the 
ST  tables  that  the  phase  angle,  P,  increased  as  the  depth  increased. 
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Figure  2 
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Comparison  of  leasc-squarea  curve,  5-year  norm,  and 
obaerved  temperatures  at  Lexington,  Kentucky 
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4.  Simplified  Heat  Conduction  Theory  of  Undisturbed  Earth 


The  earth  temperature  oscillation  near  the  surface  from  the 
standpoint  of  heat  conduction  theory  has  been  discussed  in  various 

12/ 

texts  cr.  heat  transfer;  notable  among  them  are  Carslaw  and  Jaeger's — 
and  Eckert ' si^  treatments  of  the  problem. 

Usually  the  mathematical  treatment  of  earth  temperature  starts  with 
the  assumption  that: 

(1)  Earth  is  a  homogeneous  heat  conducting  medium  of  a 
semi-infinite  solid  system,  the  thermal  diffusivity  of 
which  is  constant  throughout. 

(2)  The  temperature  of  the  surface  exposed  to  the  atmosphere 
varies  periodically  with  time. 

For  such  a  system  the  earth  temperature  at  depth,  x,  can  be  computed  by 
the  folio  ing  equation  when  a  steady  cyclic  pattern  is  established 
within  earth : 

•W  /*Si  x  f  2rrn0  /Jjtt  \ 

t  ■  A  +  Z  ^  e"  ^  ^  Cn  cos  \  j  -  6n  -  v  jyf  y  (2) 

where  Cn  and  5n  correspond  to  the  amplitude  and  phase  angle  of  the  nth 
harmonic  of  the  prescribed  periodic  temperature  function  at  the  ground 
surface.  As  long  as  the  earth  surface  temperature  is  periodic,  and  as 
long  as  the  assumptions  (1)  and  (2)  are  valid,  equation  (2)  exactly 
describes  the  earth  temperature  with  proper  evaluation  of  Cn  and  in  as 
well  as  thermal  diffusivity  D.  Furthermore,  when  higher  harmonics 
corresponding  to  n^  are  not  significant,  as  in  the  case  of  the  annual 
temperature  cycle  of  the  monthly  average  soil  temperatures ,  equation  (2) 
becomes  simply  the  following  form: 
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t  -  A  -  BO 

By  comparing  (1)  and  (3), 
and 


Relation*  (4)  and  (5)  Indicate  that  a  linear  relationship  exists 
between  the  logarithmic  amplitude  and  depth  and  between  the  phase  angle 
and  the  depth. 


Relations  (4)  and  (5)  also  suggest  the  evaluation  of  thermal 
dlffuslvlty  by  the  formulas 


The  preceding  relations  of  earth  temperature  and  thermal 

dlffuslvlty  had  been  applied  as  far  back  as  1811  by  Lord  Kelvin  to  the 

mean  earth  temperature  curves  based  on  Forbe's  18-year  record  In 

12/ 

Edinburgh,  Scotland. —  Kelvin  did  not  Ignore  the  higher  harmonics 
for  the  temperature  equations  and  calculated  the  dlffuslvlty  not  only 
by  the  first  harmonic  but  also  by  tne  higher  harmonics  as  well.  He 
had  obtained  a  good  agreement  between  the  thermal  dlffuslvltlos  deduced 
from  the  amplitude  and  that  from  the  phase  angle  of  the  first  harmonic. 
He  was.  however,  less  successful  for  the  higher  harmonics  in  obtaining 
a  good  agreement  between  the  dif fus ivitles  calculated  by  the  two 
different  methods. 
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5.  Analyses  of  Thermal  Dlffuaivity  of  the  Earth  by  Simplified  Theory 

Several  other  Investigators  have  applied  the  simplified  theory  of 
the  preceding  section  to  limited  amounts  of  earth  temperature  data.  In 
this  analysis,  the  results  of  the  least-squares  fitting  for  several 
earth  temperature  stations  were  selected  for  graphical  representation 
of  amplitude  and  phase  angle  with  respect  to  depth.  Figures  ST-1 
through  ST-19  indicate  relations  between  logarithmic  amplitude  (log  B) 
vs.  depth,  x,  whereas  Figures  SP-1  through  8P-19  show  relationships 
between  the  phase  angle,  P,  and  the  depth,  x,  for  the  data  obtained  from 
19  earth  temperature  stations. 

It  can  be  said  for  all  of  19  stations,  except  near  the  region 
of  x*o,  linear  relationships  between  log  B  and  x,  and  those  between  P 
and  x,  are  eminent  from  all  of  the  ST  and  SP  series  of  charts.  The 
temperature  Irregularity  near  the  ground  surface  can  be  explained  as 
follows: 

(1)  The  earth  surface  region  differs  from  the  idealized  heat 
conduction  model  of  the  previous  discussion.  The  temperature 
pattern  is  con^liceted  due  to  the  fact  that  irregular  daily 
fluctuations  of  weather  Influence  the  . arface  temperature. 

(2)  Temperature  values  are  influenced  by  the  time  of  observation 
unless  the  data  are  the  average  of  the  continuous  hourly 
recording. 

(3)  The  soil  near  the  earth's  surface  is  usually  less  homogeneous 
than  at  depth. 

The  density,  wster  content,  and  composition  very  within  the 


The  temperature  data  for  29  c  r  the  63  stations  covered  a  sufficient 
range  of  depths  below  the  earth's  surface  to  be  suitable  for  evaluating 
thermal  diffusivity,  and  earth  surface  temperature  amplitude  and  phase 
angle  by  graphical  methods.  Those  29  earth  temperature  stations  are 
identified  by  asterisks  in  Table  1.  On  each  of  the  charts  for  those  29 
stations,  some  of  which  have  been  illustrated  in  Figures  ST-1  to  19,  a 
straight  edge  was  placed  to  fit  the  log  B  vc.  depth  data  points  by  a 
visual  inspection, such  that  the  points  at  greater  depths  controlled  the 
positions  as  well  os  the  slopes  of  the  straight  edge.  This  visual 
technique  was  considered  more  appropriate  for  the  analysis  than  a 
mathematical  regression  technique  because  most  of  the  temperature  data 
were  concentrated  near  the  shallow  depth  region  where  inconsistency  with 
respect  to  the  basic  heat  transfer  theory  is  predominant  due  to 
heterogeneity  of  the  material  and  diurnal  effects.  The  visual  technique 
did  help  to  avoid  obscuring  the  intrinsic  linear  relation  of  log  B  vs.  X 
and  P  vs.  X  manifested  in  the  deep  earth  temperature  data  by  abundant 
shallow  depth  data.  The  earth  surface  temperature  amplitude  BO  was  then 
read  at  the  intersecting  point  of  the  straight  edge  and  the  x*Q 
coordinate  line.  The  slope  of  the  straight  edge  thus  determined  was 
also  used  for  calculating  thermal  diffusivity  D(B)  by  equation  (6). 
Figures  SP-1  through  SP-19  show  the  plots  of  phase  angles  vs.  depths 
calculated  for  the  same  19  stations,  the  logarithmic  amplitudes  of  which 
have  been  analyzed.  A  similar  visual  technique  of  finding  the  intercepts 
and  slopes  of  the  plots  on  log  B  vs.  X  was  also  employed  on  these  phase 

arsgie-depth  plots  in  determining  the  earth  surface  temperature  phase 
angle  and  thermal  diffusivity  P(P). 


The  simplified  theory  demands  that  the  diffusivities  computed  by 
the  slope  of  log  B*x  relation  and  that  of  P-x  relation  mutt  agree.  The 
thermal  diffuaivitiea  computed  by  the  tvo  methods  are  suntr-arited  in 
Table  2  for  eighteen  selected  stations  where  comprehensive  information 
on  earth  temperature  site  characteristics  was  available.  Pig.  3 
graphically  correlates  the  relationship  between  the  tvo  computed 
diffusivity  values,  D(B)  and  D(P).  Of  all  the  sets  compared,  eight 
showed  an  excellent  agreement  for  the  diffuaivitiea  computed  by  the 
amplitude  method  and  phase  lag  method.  A  majority  of  the  comparisons 
showed  the  diffusivity  computed  by  the  phase  lag  method  tc  be  lower 
than  that  computed  by  the  amplitude  method.  Nc  obvious  correlation 
existed  between  the  difference  in  the  two  thermal  diffusivity  values 
and  earth  temperature  site  characteristics,  such  as  type  of  soil, 
elevation,  earth  surface,  temperature  level,  or  geographical  location, 
Altl’ough  it  may  oe  accidental,  all  three  of  the  stations  with  bare 
earth  cover  showed  very  good  agreement  between  the  two  diffusivities. 

The  difference  between  the  thermal  dif fusivities  computed  by 
equations  (6)  and  (7)  may  be  attributable  tc  the  following  conditions: 

(1  Errors  in  assigning  correct  slopes  for  eg  S-x  and  ?-x  curves 
due  to  the  insufficient  depth  data  as  well  as  inconsistent 
temperature-depth  data. 

(2)  Errr  8  in  calculating  correct  phase  angle  and  amplitude  from 
insufficient  and  fluctuating  d ala. 


T««*U,  T*u.a  *10  <'.la)r  Horn-  *4  *7  70  70  21  l*  0  0)1  0  011 

cultural 

talc  L«*«  f'Uy.  +  2*4 1  Uj Lamm  Mr*  3*  52  52  51  21  25  0.033  0  035 

t.1 1  •  h 


(3)  Discrepancies  from  the  ideal  one-dimensional  heat  flow  system 
due  to  the  site  character lstics  of  earth  temperature  stations 


of  which  the  authors  were  unaware. 

6 .  Correlation  of  Earth,  Air,  and  Ground  Water  Temperatures 

11/ 

According  to  Collins, —  the  ground  water  temperature  at  a  depth 
of  30  ft  to  60  ft  is  very  nearly  equal  to  the  annual  average  eir 
temperature.  The  well-known  Collins'  ground  water  temperature  map 

was  constructed  on  this  basis,  utilizing  the  annual  average  air 

temperature  distribution  of  the  4b  states. 

Annual  average  air  temperatures  were  collected  from  weather 
stations  located  near  the  earth  temperature  stations  designated  by 
solid  dark  and  open  dots  in  Fig.  1.  The  list  of  the  weather  stations 
and  the  data  are  shown  In  Table  3.  Table  3  also  lists  the  following 
data; 

(1)  The  annual  average  air  temperature,  TA,  and  the  annual 
amplitu'1e  of  the  monthly  average  air  temperature  cycle,  BA, 
computed  from  the  observed  data  for  the  indicated  period  of 
recor 2 . 

t 

(2)  The  least-squares  constants,  TA 1 ,  BA1,  and  Fa,  for  the  annual 
average  air  temperature,  the  annual  amplitude  of  the  monthly 
average  air  t.mperature  cycle,  and  the  phase  angle  of  the  air 
temperatuxe  cycle,  respectively,  for  the  climatological 
standard  normals  (1931-1960).  These  constants  were  determine 
in  the  same  manner  as  those  for  the  certh  temperature. 
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Ail  ch«  «lr  tenperature  data  arc  obtained  fro*  Local  Cl  tautological  Pet a  of  0. S.  Weather  Bureau 


It  can  be  seen  from  Table  3  that  the  values  of  TA  and  TA'  aud  those  for 
BA  and  BA'  are  nearly  equal. 

The  values  of  annual  average  air  temperature  TA  and  the  amplitude 
of  th  monthly  average  air  temperature  BA  are  superimposed  on  Figures 
ST-1  through  S""  -19,  whereas  the  air  temperature  phase  angle  PA  is 
superimposed  on  Figures  SP-1  through  SF-19. 

Annual  average  earth  temperature.  A,  and  ground  water  temperature, 
TW,  are  plotted  against  annual  average  air  temperature,  TA,  in  Fig.  4. 
The  annual  amplitude  of  monthly  average  air  temperature,  BA,  is  plotted 
in  Fig.  5  against  earth  temperature  amplitude  at  the  surface  BO. 
Although  the  annua]  average  earth  temperature.  A,  can  be  approximated 
eithe;  by  the  annual  average  air  temperature,  TA,  or  by  Collins'  water 
temperature,  TW  (from  Fig.  1),  the  approximation  of  BO,  the  annual 
earth  surface  temperature  amplitude  from  the  annual  amplitude  of  the 
monthly  average  air  temperature,  BA,  is  not  too  satisfactory,  as  shown 
by  Fig.  5  ana  all  of  the  figures  in  the  ST  aeries. 


GROUND  AND  WATER  TEMPERATURES 


ANNUAL  AVERAGE  AIR  TEMPERATURE,  •  r 

Figure  4  Annual  average  earth  and  water  temperature  vs.  annu 

average  air  temperature 
-22- 


A  close  examination  of  Fig.  5  and  Table  2  reveals  the  following 
interesting  trend,  however.  The  points  of  BO  below  the  line  of  BOBA 
in  Fig.  5,  or  the  localities  where  BO<BA,  represent  inland  cities  such 
as  Ithaca  (New  York),  Salt  Lake  City  xUtah),  Madison  (South  Dakota), 
and  St.  Paul  (Minnesota).  In  contrast,  the  points  above  the  line  of 
BOBA  represent  the  near-coastal  cities  such  as  Gainesville  (Florida), 
Corvallis  (Oregon),  Oxford  (Mississippi),  and  Upper  Marlboro  (Maryland), 
with  Fort  Collins  (Colorado)  being  an  exception.  A  preliminary  study 
for  the  Washington,  D. C,  area  and  for  the  Minneapolis  (Minnesota)  area 
has  been  made  to  compare  the  amplitudes  and  phase  angles  of  annual 
cycles  of  monthly  mean  outdoor  air  temperatures  and  monthly  mean  solar 
radiation  received  on  the  flat  surfaces  for  two  cities,  as  shown  in 
Fig.  6,  with  BOBA  in  Washington,  D.C„  and  BO<BA  in  Minneapolis.  Fig.  6 
reveals  that  the  Minneapolis  area  receives  slightly  more  solar  radiation 
during  the  summer  months  of  July  and  August  and  slightly  less  from 
October  to  December  than  Washington,  D. C. ,  and  has  considerably  lower 
monthly  average  outdoor  air  temperature  than  the  Washington,  D. C.  area 
throughout  the  year.  Since  earth  temperature  is  dependent  on  both  the 
heat  exchange  with  outdoor  air  and  solar  radiation,  the  relation  between 
BO  and  BA  cannot  be  explained  adequately  without  including  solar  effects. 
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EARTH  SURFACE  TEMPERATURE  AMPLITUDE,  *F  (BO) 


iO  14  18  22  26  30 

AMPLITUDE  OF  MONTHLY  AVERAGE  AIR  TEMPERATURE  ,( BA ),  °F 

Figure  5  Annual  amplitude  of  monthly  average  air  temperatura 

va.  annual  earth  aurface  temperature  amplitude 


-  24- 


SOLAR  HEAT  LANGLEYS  PER  DAY 


The  phase  angles  of  air  temperature  cycle  PA  and  those  of  the 
i-arth  surface  temperatures  PO  are  also  compared  graphically  ir  Fig.  7. 
The  phase  angles  of  annual  air  temperature  cycles  are  concentrated  in 
a  narrow  band  of  0.6±O.O5  radians  regardless  of  the  locality,  whereas 
the  phase  angles  of  the  earth  surface  temper-  ure  are  scattered  in  a 
much  wider  range  than  those  of  air  temperature  cycles  as  car.  be 
observed  in  Fig.  7. 

Analytical  studies  such  as  made  by  Lettan-i--/  for  the  earth  surface 
beat  exchance  with  respect  to  outdoor  air,  solar  radiation,  sky 
radiation,  evaporation,  and  nighttime  outgoing  radiation  may  give 
direction  to  the  computation  or  prediction  of  BO  and  PO  from  the  data 
i or  BA  and  PA  which  are  readily  available  froi.i  local  weather  records. 


JGLE  OF  AIR  TEMPERATURE  ,  PA  ,  RAOIANS 


The  following  general  conclusions  can  be  drawn  from  the  foregoing 
analysis  of  the  data  from  several  selected  earth  and  air  temperature 

stations : 

! 

I 

(1)  Except  near  mountain  ranges  there  is  a  strong  tendency 
toward  equality  among  the  annual  average  air  tenyeraturea , 
TA,  the  annual  average  earth  temperature.  A,  and  deep  ground 
water  temperature,  TV.  In  other  words,  the  annual  average 
ground  temperature,  A,  can  be  reasonably  well  estimated  by 
TA  or  TW. 

(2)  With  somewhat  less  accuracy,  earth  temperature  amplitudi  at 
the  undisturbed  surface  (BO)  can  be  approximated  by  the 
amplitude  of  the  annual  cycle  of  monthly  average  air 
temperature  (BA). 

(3)  The  phase  angles  of  the  earth  surface  temperature  cycles  Jo 
no.-  show  a  definite  correlation  with  th't  of  annual  air 
temperature  cycles.  The  annual  air  temperature  cycles  of 
various  cities  in  the  United  States  are  all  approximately 
in  phase  with  the  minimum  occurring  about  at  the  beginning 
of  February. 
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7 .  Calculations  of  Earth  Temperatures 


Having  developed  values  for  annual  average  earth  temperature,  A, 
the  earth  surface  temperature  amplitude,  BO,  and  phase  angle,  PO,  by 
least-squares  technique  from  the  observed  data,  and  knowing  the  thermal 
diffusivity,  D,  of  the  soil  which  has  been  calculated  from  the  least- 
squares  constants  at  several  depths,  it  was  possible  to  calculate  the 
earth  temperature  by  equation  (3).  Such  calculations  were  performed 
with  the  data  of  Tables  ST-1  through  63  using  the  arithmetic  average 
of  the  thermal  di f f us i vi t ies  determined  by  amplitude  and  phase  angle 
methods.  The  lower  portion  of  ST  tables  shows  the  calculated 
temperatures  for  all  of  the  observed  depths.  The  calculations  were 
performed  with  the  use  of  equation  (3)  by  employing  the  parameter 
values  indicated  at  the  bottom  of  the  ST  tables.  The  agreement 
between  the  calculated  and  the  observed  are  generally  satisfactory, 
in  most  instances,  particularly  at  greater  depths.  The  probable 
reasons  for  the  greater  discrepancy  between  the  calculated  and  the 
observed  earth  temperature  near  the  earth  surface  are  described  in 
Seer  ion  3. 


In  many  instances,  it  may  be  desirable  to  have  a  rough 
approximation  of  undisturbed  earth  temperature  at  a  given  d«pth  or  at 
several  depths  where  all  or  some  of  the  constants.  A,  BO,  and  PO,  and 
the  thermal  diffusivity  are  unknown.  As  Indicated  in  the  previous 
section,  A  can  be  closely  approximated  by  the  annual  average  a?.r 
temperatures  TA,  but  BO  and  PO  are  not  closely  predictable  from  air 
temperature  amplitude  BA,  and  phase  angle  PA.  The  thermal 
dif fusivities  may  be  determined  for  a  given  soil  by  laboratory  test 
or  may  be  computed  by  handbook  values  of  thermal  conductivity,  density 
and  specific  heat  if  the  type  of  soil  and  its  moisture  content  are 
known. 

The  STA  tables  show  computed  monthly  earth  temperatures  for  all  of 
the  63  earth  temperature  stations,  for  depths  of  2,  4,  6,  8,  and  10  ft, 
using  temperature  characteristics,  such  as  A,  BO,  and  PO,  taken  from  the 
corresponding  ST  table  when  available,  or  otherwise  approximated  by  the 
air  temperature  data,  and  for  an  arbitrarily  chosen  thermal  diffusivity 
of  0.025  ft3 /hr,  which  is  an  approximate  median  of  all  of  the  thermal 
dif fusivities  derived  from  the  observed  earth  temperature  data.  In 
order  to  examine  the  effect  of  thermal  dlffuslvities  other  than 
0.025  ft3 /hr  upon  the  earth  temperature,  the  STA  tables  also  include 
calculated  August  earth  temperatures  for  the  same  depths  and  same 
values  cf  A,  BO  and  P0  but  with  dif fusivities  of  0.01,  0.02,  0.03,  and 
0.04  ft3 /hr  in  addition  to  0.025  ft2 /hr. 
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8.  Integrated  Average  Temperature  of  Upper  10-ft  Stratum 


Although  the  earth  temperature  distribution  with  respect  to  depth 

is  important  for  the  accurate  numerical  calculation  of  heat  transfer 

2/ 

So;  underground  protective  shelters,-  simplified  analytical  solutions 
currently  ava 11 ab 1  e-^— ^  require  only  an  average  earth  temperature 
surrounding  the  shelter  at  the  time  of  entry.  This  simplification 
is  employed  principally  because  the  heat  conduction  problem  becomes 
very  complicated  for  complex  initial  temperature  conditions. 

By  integrating  equation  (3)  with  respect  to  x  from  the 
surface  to  depth  L,  an  average  temperature  "t^  can  be  obtained  for 
this  range  of  depths  as  follows: 
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By  denoting 


3  “  V  DT 


r -J 


p."2^  -  2  cos  pe'^  •!•  1 

2T'J - ~ 


„  -1  1  -  e"^( 

0  -  tan - — 


+  sin  p ) 


1  -  e*  J(cos  0  -  sin  p) 


equation  (8)  can  be  reduced  to  che  following  expression 


~~bo — c  “ 1  cos  vri~  ■■ F0  -  0)  (?) 

The  integrated  average  tT  for  o<x<  L  can  then  simply  be  evaluated  by 

knowing  0  in  addition  to  A,  30  and  ?0,  since  f  and  cp  are  functions  of  0 

alone.  Fig.  8  Snows  V  and  cp  as  a  function  of  0  in  order  to  assist  in 

making  the  calculation  of  the  integrated  average  temperature.  Fig.  S 

shows  the  computed  August  and  February  earth  temperature  plotted 

against  depth  for  Lexington,  Kentucky.  The  integrated  average  values 

are  also  illustrated  at  tO-ft,  16-ft,  and  20-ft  depths. 

Cortcmporary  underground  fallout  shelters  have  app "oximately  3-ft 

earth  cover  over  the  roof, and  their  c.  ling  heights  are  usually  in  the 

range  of  7  ft  to  10  ft.  The  temperature  of  earth  surrounding  the 

shelter  is  usually  affected  little  during  the  14 -day  occupancy 

period,  beyond  a  region  that  extends  outwardlv  5  ft  from  the  shelter 
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walls  including  che  floor.— / 


Dimensionless  parameters  for  calculation  of  integrated 
depth  average  earth  temperature 
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Thus,  the  maximum  depth  to  be  considered  for  contemporary  shelter 
heat  conduction  analysis  is  approximately  20  ft  from  the  surface.  The 
earth  temperatures  studied  in  this  report  are,  however,  the  monthly 
averages  which  will  be  considerably  lower  during  the  summer  than  the 
daily  averages  particularly  near  the  surface.  Thus,  the  integrated 
average  temperature  from  surface  to  10-ft  depth,  instead  of  20-ft 
depth,  is  arbitrarily  selected  to  represent  a  reasonable  earth 
temperature  criterion  for  protective  shelter  heat  conduction.  Fig.  9, 
however,  shows  that  the  average  temperature  of  the  upper  20  feet  of 
earth  is  about  6  degrees  lower  than  for  the  upper  10  feet  of  earth 
rn  tris;  month  of  August  for  Lexington,  Kentucky. 

In  studying  summer  shelter  environment  in  the  United  States, 
integrated  average  August  earth  temperatures  from  surface  to  10-ft 
depth  are,  therefore,  of  the  greatest  importance.  Cn  the  other  hand, 
it  is  also  important  to  know  the  lower  end  of  earth  temperature  cycle 
for  the  winter  occupation  cf  shelters,  in  which  case  the  integrated 
February  earth  temperatures  from  the  surface  to  10-ft  depth  may  be. 
valuable.  The  maximum  and  minimum  values  of  the  integrated  average 
earth  temperatures  of  the  upper  10-ft  layer  of  earth  are  probably  most 
useful  from  the  standpoint  of  the  underground  shelter  heat  transfer 
analysis.  Table  4  was,  therefore,  prepared  to  summarize  annual  maxima 
and  minima  of  calculated  10-ft  depth  average  earth  temperatures  for  all 
of  the  earth  temperature  stations  analyzed  in  this  paper.  Also  listed 
in  Table  4  are  the  annual  maxima  and  minima  of  monthly  average  air 
temperatures  observed  at  weather  stations  nearby  the  earth,  temperature 
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stations.  The  annual  maxima  and  minima  of  the  monthly  average  air 
temperature,  however,  occur  for  months  of  July  and  January,  respectively, 
which  are  both  one  month  ahead  of  the  maxima  and  minima  of  earth 
temperatures.  Although  most  of  the  air  temperature  data  are  based  upon 
thirty  years'  norm  '921-1950),  the  earth  temperature  values  in  Table  4 
are  derived  from  records  of  only  a  few  years’  duration.  Thus  a  good 
correlation  between  the  annual  maximum  of  the  average  earth  temperature 
to  maximum  air  temperature,  or  that  between  the  minima,  co,mot  he 
expected  from  these  data. 

Since  all  of  the  monthly  earth  temperatures  in  Table  4  and  in 
Tables  S1A  1-63  have  been  calculated  for  the  thermal  dlffusivity  of 
0.025  ft3 /hr,  the  compu-ations  were  also  made  of  the  August  earth 
temperature  at  five  different  thermal  dif ^usivities  for  the  purpose  of 
comparison  as  shown  in  the  lower  part  of  Tables  STA  1-63.  It  is 
interesting  to  note  that  the  integrated  averages  of  earth  temperature 
for  the  upper  10  ft  of  earth  are  not  greatly  affected  by  the  variation 
of  earth  thermal  diffusiviti.es.  A  diffusivity  change  from  0.02  ft  /hr 
to  0.04  ft2 /hr,  for  instance,  affects  this  integrated  average  earth 
temperature  by  approximately  2°F,  whereas  the  same  factor  of  2  change 
in  thermal  diffusivity  from  0.01  ft3 /hr  to  0.02  ft2 /hr  affects  the 
integrated  average  temperature  by  3°F  to  4°F.  Unless  the  soil  is 
extremely  dry  or  highly  insulative,  however,  the  in-situ  earth  thermal 
diffusivity  is  generally  higher  than  0.015  ft  /hr,  as  seen  trom  the 
values  on  Tables  STA  1-63. 


36 


Table  4 


Annual  maxima  and  minima  of  air  temperature  end 
integrated  average  earth  temperature  from  eurfaee 
to  10-ft  depth  _  _  _  _  _ 


ST 


3 

S 


i 

n 

j  ■> 

u 

14 

15 

16 
1? 
IS 
i* 
:o 
21 
22 
2  3 
2* 

25 

26 

27 

28 

29 

30 
>1 

32 
3J 

34 

35 

36 

37 

33 
}9 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 
5* 

59 

60 
67 
62 
63 


Auburn,  AH 
Decatur.  Ala. 

Temps ,  Aric. 

Tucson,  Artr. 
Brawley,  Calif. 
Gevla,  Calif, 
ft.  Cull  ins.  Colo 
Ft  Colllna,  Colo. 
Ft.  Colllna,  Colo. 
Gainesville,  fla. 
Athcr.a,  Cm. 

Tlfton,  Cm. 

Moscow,  Idaho 
Argcnna,  Ill. 

Lament,  Ill. 

Urbane,  III. 

Urbane,  III. 

Vtat  Lafayette,  Ind. 
Burlington,  I«i 
Manhattan,  Kane. 
Lexington ,  Iy. 
Lexington,  Ky. 

Upper  Marlboro,  Hd. 
Eaat  Lanalng,  Mich. 
Caat  Lanatng.  Mich. 
Caar  Lanalng,  Mich. 
Eaat  Lanalng.  Mich. 
Eaat  Lanalng,  Mich. 
St.  Paul,  Minn. 

State  Lt.lv.,  Mlsa. 
Faucett,  Mo. 

Karlas  City,  Mo. 
SUiitoa,  Mo. 
Boxcman.  Mont . 
Boatman ,  Mont . 
Huntley,  Mont. 
Lincoln,  Kebr. 
Lincoln,  Kebr. 
Norfolk,  Kebr. 

New  Bruoawlck,  M.J. 
Ithaca.  k.T. 

Ithaca,  N.Y 
Raleigh,  H.  Car. 
Colombo • ,  Ohio 
Coshocton,  Ohio 
Barnadall,  Okla. 
Hominy,  Okla. 

Lake  Hefner,  Okla. 
Pawhua'xa,  Okla. 
Ottawa,  Out. 

Corvallis,  Orag. 
Pendlaton,  Orag. 
Calhoun,  S.  Car. 
Onion,  S.  Car. 
Madison,  S.  D. 
Jackson,  Teen. 
Temple,  Texas 
Tempts,  Tsxas 
Sslt  Lskt  City.  Ots 
Burlington,  Vt. 
Pullman,  Wash. 

Pu 1 Iman ,  Wash. 
Saattla,  Hash. 


Montgomery,  Ala. 

Hint avi lie,  Ala.- 
Phoenix,  Aria. 

Tucson,  Aria, 
fiai,  Aria. 
Sacramento,  Calif. 
Denver,  Colo. 

Denver,  Colo. 

Denver,  Colo. 

Orlando,  Fla 
Athena,  Ca . 

Albany,  Cm. 

Idaho  Falla,  Idahc^ 
Chicago,  111. 
Chicago,  Ill. 
Springfield,  Ill. 
Springfield.  111. 
South  Band,  Ind. 
Burlington,  lowae 
Concordia,  Kane. 
Lexington,  Ky. 
Lexington,  Ky. 
Washington.  D.C. 

Eaat  Lansing,  Mlch.r 
Eaat  Lanalng.  Mich.c 
Eaat  Lanalng,  Mich.c 
Eaat  Lanalng.  Mlch.c 
East  Lanalng,  M!ch.r 
Mlnaeapolts,  Minn. 
Meridian,  Mlaa. 
Springfield,  Mo. 
Kansas  City,  Mo. 
Springfield,  Mo. 
Billings,  Moot. 

Bill  logs.  Moot . 
Billings,  Mont. 
Lincoln.  Hebr. 
Lincoln,  Mabr. 
Norfolk,  kebr , 
Newark,  N.J. 
Syracuaa,  K.T. 
Syracuse,  N.T. 
Raleigh,  N.  Car. 
Colus&us,  Ohio 
Columbus,  Ohio 
Oklahoma  City,  Okie. 
Oklahoma  City,  Okla. 
Oklahoma  City,  Okie. 
Oklahoma  City,  Okla. 
Ottawa,  Ont . 1 
Eugene,  Orag. 
Pendleton,  Orag. 
Columbia,  S.  Car. 
Coltabla,  S.  Car. 
Huron,  S.  D.e 
Oak  Ridge,  Term. 
Vaco,  Texas 
Vaco,  Texas 
Salt  Lake  City,  Utah 
Burlington,  Vt. 

Valla  Valla,  Uaah.c 
Valla  Valla,  Vash.c 
Saattla,  Wash. 


Maxi***  Minimum 


AIL.* 

Earth” 

Air  « 

Earth1 

SI 

?« 

49 

56 

81 

71 

43 

48 

90 

Si 

50 

59 

86 

85 

50 

65 

95 

90 

55 

68 

75 

76 

44 

56 

77 

63 

29 

37 

72 

63 

29 

37 

72 

64 

29 

36 

82 

80 

62 

69 

81 

77 

45 

57 

83 

80 

51 

62 

69 

57 

16 

37 

75 

64 

25 

38 

75 

65 

25 

39 

76 

67 

27 

39 

76 

68 

27 

42 

71 

66 

25 

28 

77 

71 

24 

38 

80 

t>9 

28 

41 

76 

68 

33 

42 

76 

70 

33 

46 

77 

70 

36 

42 

71 

63 

24 

37 

71 

64 

24 

38 

71 

63 

24 

37 

71 

63 

24 

37 

71 

63 

24 

37 

74 

62 

15 

34 

B1 

79 

48 

55 

78 

65 

33 

43 

81 

66 

30 

42 

78 

71 

33 

43 

73 

56 

23 

33 

73 

56 

23 

32 

73 

64 

23 

36 

79 

69 

24 

39 

79 

68 

24 

38 

76 

66 

19 

40 

75 

65 

32 

42 

73 

59 

26 

39 

73 

59 

26 

39 

79 

73 

41 

52 

74 

65 

30 

41 

74 

64 

30 

40 

82 

74 

37 

54 

82 

74 

37 

52 

82 

77 

37 

51 

82 

74 

37 

50 

68 

59 

12 

36 

',7 

66 

38 

46 

75 

67 

31 

39 

81 

76 

47 

52 

81 

70 

47 

48 

75 

61 

14 

33 

78 

71 

38 

49 

86 

82 

47 

58 

86 

83 

47 

59 

78 

63 

29 

40 

70 

63 

18 

35 

76 

60 

32 

36 

76 

58 

32 

38 

65 

61 

39 

45 

a.  Unless  otherwise  stated,  all  the  atr  temperature  data  are  thirty  year  norm 
(1971-1950)  airport  data  publlahed  In  Technical  Paper  No.  31,  U, S.  Weather 
Bureau  Publication  1956. 

b  Earth  temperatures  shown  are  Integrated  average  from  surface  to  10  ft  depth 
calculated  by  observed  earth  temperature  characteristics,  each  as  average, 
amplitude  and  phase  angle  and  earth  theraml  diffualvity  of  0.025  f»z/hr  for 
moat  of  the  stations. 

e.  City  office  air  temperature  data  inetead  of  airport  data. 

d  Climatological  Standard  normals  of  1931-1960  Instead  of  1921*1950  norm. 

a.  Exact  location  of  air  temperature  station  unkmwn. 

f.  Air  temperature  data  from  Penrod^ 
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Car ter—^shows  extensive  field  records  of  temperature,  moisture, 
and  thermal  properties  of  seven  earth  temperature  and  moisture 
measurement  stations  in  the  Tennessee  Valley  Area.  Carter's  data  show 
that  the  field  thermal  dif fusivities  for  various  types  of  soil  ranged 
from  0.016  fta  /hr  of  clay  to  0.045  ft*5  /hr  of  clay-sand  with  the 
majority  being  in  the  neighborhodd  of  0,025  ft2 /hr,  with  the  moisture 
content  of  from  20  percent  to  40  percent. 

9 .  Conclusions 

Extensive  analyses  have  been  made  on  earth  temperature  data  from 
63  stations  located  in  fifty  different  areas  throughout  the  United 
States.  Annual  cycles  of  monthly  average  earth  temperatures  have  been 
used  to  study  and  correlate  their  annual  averages,  amplitudes,  phase 
angles  and  thermal  diffusiviti es . 

It  has  been  found  that  simplified  heat  conduction  theory  based  upon 
the  simple  harmonic  presentation  of  earth  temperature  provides  an 
acceptable  approximation  of  the  monthly  average  earth  temperatures  at 
various  depths.  T^e  thermal  dif fusivities  compared  by  the  amplitude 
and  phase  lag  methods  are  in  reasonably  good  agreement  for  most  of  the 
earth  . emperature  data.  The  thermal  dif fusivities  computed  in  these 
analyses  from  the  data  for  Lexing*on,  Kentucky,  and  Argonne,  Illinois, 
a“e  compatible  with  those  computed  by  Penrod§/and  Carson,— 7 
respectively . 
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The  tabulated  data  for  the  observed  monthly  average  earth 
temperature  for  different  localities  can  serve  as  a  general  guide  in 
estimating  earth  temperatures  in  the  vicinltiee  of  those  particular 
stations,  A  monthly  average  earth  temperature  at  a  given  point  can 
be  calculated  by  simple  equation  (3)  if  annual  average  earth  temperature 
(AO),  amplitude  and  phase  angle  of  the  ground  surface  temperature  (BO), 
and  (PO),  and  the  therms;,  diffusivity  are  previously  known.  The 
influence  of  the  thermal  diffusivity  upon  the  integrated  average  earth 
temperature  to  a  depth  of  10  ft  is  not  too  critical  in  that  uncertainty 
by  a  factor  of  two  in  the  diffusivity  from  0.02  to  0.04  ft  /hr  produces 
only  about  2°F  change  in  average  temperature  for  the  month  of  August, 

This  analysis  indicates  that  the  annual  average  earth  temperature 
in  the  range  studied  is  invariant  with  respect  to  depth  and  is  very 
closely  approximated  by  the  annual  average  air  temperature  or  by 
Collin's  ground  water  temperature  map,  shown  in  Pig.  1. 

The  temperature  data  analyzed  In  this  report  are,  however,  not 
extensive  enough  to  provide  a  good  statistical  or  functional  correlation 
of  ground  surface  temperature  amplitude  and  the  phase  lag  with  respect 
to  cliraatolc^ tear  and  site  characteristics  of  the  earth  temperature 


stations. 


An  adequate  analysts  of  heat  transfer  in  underground  structures 
requires  information  on  earth  temperature  distribution  from  the  surface 
to  a  depth  of  about  10  ft.  Very  few  of  the  data  compiled  in  this 
report  cover  more  than  a  6-foot  depth  from  the  surface.  The  extensive 
calculation  of  earfh  temperatures  for  depths  of  2,  A,  6,  8  and  10  ft 
end  the  integrated  depth  average  for  all  of  the  earth  temperature 
stations  employed  in  this  paper  have  been  based  on  the  temperature 
characteristics  derived  from  the  observed  monthly  average  earth 
temperatures  and  selected  thermal  diffusivity  of  0.025  ft  /hr.  Annual 
maxima  and  minima  of  the  upper  10- ft  earth  temperature  are  ouranarized 
in  Tabie  6  of  this  paper.  Until  more  comprehensive  and  substantial 
data  are  made  available  in  the  future,  the  values  of  Table  6  may 
serve  as  tentative  design  criteria  for  analyzing  the  heat  transfer  of 


underground  structures. 


10.  Recommendations ; 

Although  a  considerable  amount  of  earth  temperature  data  have  been 
compiled  during  this  study,  deep  earth  temperature  data  (to  the  depth 
of  more  than  3  ft)  are  conspicuously  missing  from  most  of  the  southern 
and  western  states  as  seen  fro-?.  Fig.  1.  Establishment  of  new  earth 
temperature  stations  in  these  regions  is  clearly  needed. 

The  following  suggestions  should  be  considered  in  selecting  earth 
temperature  stations  for  future  studies  related  to  the  design  require¬ 
ments  for  shelters: 

(1)  Earth  temperature  sites  should  be  close  to  local  weather 
stations  where  simultaneous  observations  of  air  temperature, 
rainfall,  solar  radiation  and  other  pertinent  records  are 
kept. 

(2)  Earth  should  be  bare  or  covered  with  short  grass.  If  possible, 
two  sites  should  be  chosen  at  the  same  relative  location; 

one  grass-covered  and  one  bare. 

(3)  Soil  composition  and  dry  density  should  be  determined  and  the 
moisture  content  should  be  checked  at  intervals  during  the 
period  of  study. 

Enough  observations  should  be  taken  during  the  day  to  obtain 
a  good  daily  average  temperature ,  particularly  at  depths  less 
than  3  ft. 

(31  At  least  three  vears  of  continuous  data  are  needed. 

(6)  Temperature  should  be  observed  at  five  or  more  depths,  at 
least  three  of  which  should  be  in  excess  of  5  it. 
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1 1 •  Appendix:  Discussion  of  Least-Squares  Technique 

Numerous  papers  are  available  with  respect  to  the  calculation  of 
earth  temperature.  Recent  papers  of  Penrod  Carson, — ^  and 

Langbein^i^are,  however,  noteworthy  from  the  standpoint  of  their 
distinctly  different  approaches.  Penrod^  developed  equations  of  a 
single  harmonic  term  to  describe  the  annual  ground  temperature  cycles 
of  Lexington,  Kentucky,  and  Ottawa,  Ontario.  Carson^Q/described  the 
hourly  and  monthly  earth  temperatures  of  Argonne,  Illinois,  by  a 
Fourier  series  of  six  harmonics. 

Langbeinii/  has  shown  a  method  of  predicting  the  earth  temperature 
at  a  point  as  a  weighted  function-of  antecedent  temperatures  at  the 
ground  surface  using  the  probability  integral  function. 

Examination  of  Carson's  work!®/  reveals  that  as  much  as  99.8  and 
as  little  as  937.  of  the  total  variance  of  the  annual  cycle  are  accounted 
for  by  the  first  harmonic.  In  this  paper,  therefore,  equations  of 
simple  harmonics  of  the  following  type  have  been  developed  to  describe 
the  monthly  earth  temperature  at  several  depths  using  a  least-squares 
fitting  technique: 

t  -  A  -  B  cos  ((O0-  P)  A- 1 
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where  t  *  monthly  average  ground  temperature  at  a  point  for  a  given  time 
A  -  annual  average  earth  temperature,  *F 

B  *■  annual  amplitude  of  the  earth  temperature,  °P,  at  a  given 
depth 

w  *  angular  velocity  corresponding  to  the  annual  cycle,  radlan/hr 


0  *  elapsed  time  from  January  1,  hr 

P  =  phase  angle  of  the  earth  temperature  at  a  given  depth,  radian 
The  values  of  A,  B,  and  P  have  been  so  determined  in  this  analysis  that 
the  following  least-squares  relationship  has  been  satisfied: 


N  a 

S  ■  £  (t  -  tj^)  “*  minimum  A-2 

K-l 

where  =»  observed  earth  temperature  at  a  given  point  and  for  a  given 
time 

and  N  »  total  number  of  observed  data  at  a  given  point 

The  standard  deviation  of  the  least-squares  fit  values  from  the 
observed  temperatures  Is  designated  and  calculated  by  the  following 
relation: 


A-3 
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Any  time  series,  such  as  earth  temperature  data,  consisting  of  a 
finite  number  of  equally  spaced  data  points  can  be  completely  accounted 
for  by  a  finite  number  of  sine  and  cosine  terms  in  a  Fourier  Analysis, 
This  was  done  exactly  by  Carson^/  for  the  analysis  of  a  monthly 
average  and  daily  average  earih  temperature  series  consisting, 
respectively,  of  12  and  24  equally  spaced  data  points  In  Argonne, 
Illinois.  An  examination  of  Carson's  results  indicates  that  the 
higher  harmonics  of  Fourier  series  have  a  very  minor  contribution 
to  the  description  of  the  annual  cycle  for  all  the  depths.  It  should 
be  noted,  however,  that  the  higher  harmonics  show  a  considerable 
influence  upon  the  diurnal  earth  temperature  equations  for  all  the 
depths,  regardless  of  the  time  of  year.  Since  the  annual  variation 
of  the  monthly  average  temperature  is  of  a  greater  Interest  than  the 
diurnal  variation  for  the  purpose  of  shelter  design,  the  use  of  the 
higher  harmonics  is  not  warranted.  It  is  hypothesized  therewith  that 
any  deviation  of  monthly  average  soil  temperature  data  from  simple 
harmonic  time  function  is  statistical  rather  than  functional.  And  it 
is  also  assumed  that  the  constants  A,  B,  and  P  of  equation  A-l  for  a 
given  temperature  point  are  independent  of  the  year  when  the  data  are 
taken;  namely,  they  are  the  intrinsic  properties  of  the  particular 
point. 
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One  of  the  purposes  of  this  study  Is  then  the  determination  of  A, 
B,  end  P  et  several  depths  of  earth  for  many  soil  stations  throughout 

Q  / 

the  United  States.  Compared  with  the  technique  employed  by  Penrodz 
for  the  determination  of  B  and  P,  the  least  squares  technique  developed 
here  is  fundamentally  more  straightforward,  simpler,  and  requires  no 
human  judgment.  The  method  is  better  suited  for  a  machine  calculation. 

The  comparison  of  the  least  squares  technique  with  the  Fourier 
analysis  or  harmonic  analysis  technique  is  most  interesting.  Such 
discussion  is,  however,  beyond  the  scope  of  this  report  except  that 
the  Fourier  analysis  uses  the  earth  temperature  data  as  time  dependent 
variables  (single  valued),  whereas  the  least  squares  technique  uses 
the  earth  temperature  data  as  time  dependent  variates  which  are  random 
in  nature  and  multi-valued. 

The  Langbein  techniquei^is  of  different  nature  and  beyond  the 


scope  of  this  discussion. 


Using  the  symbols  listed  In  the  Nomenclature  section  of  this 


report,  a  quantity  6,  is  defined  by  relation  A-2  such  that 


as  <» 

S  -  E  ( t  -  A  +  B  cos  (w©  -  p)  T  A- 4 

Krl  K  *■  S 

where  N  does  not  have  to  be  12  or  Its  multiples.  A,  B,  and  P  are 
determined  by  solving  simultaneously  the  following  equations 


dS 


0 


dS 

3b 


0 


dS 

3? 


0 


A- 5 


The  following  notations  are  now  introduced: 

°imZh  c°*  "°i 
«2  -  E  .in 

•  E  COS  «©^ 

A»  6 

-  E  sin  IU0J, 

-  £  cos3  U)©K 

•  £  sin3  a)© 

4  K 

-  £  sin  uJOj,  cos  «)©^ 
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Relations  A-2  become  Chen 


O'  •  NA  +  B  (£.  co«  P+»  (In  P)  •  0 
o  1  C 

co*  *  +  (°2  "  A'2^  *in  P 

■  -  B  cos3  P  +  ^  sin3  P  4-  ?,  ein  2P)  A-7 

-  A^)  sin  p  -  («2  -  A?2)  cos  P 

-  B  cos  2P  -  sin  P  cos  Pj 

By  noting  that 

h  *  h  -  ° 

?3  -  §4  -  |  when  ©K  -  —•  T,  K  -  1,2, . N  A- 8 

"5  "  ° 

where  T  -  period  of  the  cyclic  date,  one  obtains 

A  Ztt 

A  *  ,  -  »■ 

N 

B  ■  -  —  /(£  t_  cos  «©  )3  +  (1  t_  sin  uu©_)3 

J|  V  IL  ft.  ft.  ft 


r  t[  cos  «©K 


An  advantage  of  the  least  techn«qne  emoloved  In  this 

analysis  is  that  it  does  not  require  conditions  A-8.  Thus,  the  earth 
temperature  observation  for  certain  months  could  be  completely  missing 
whereas  some  other  months  may  have  several  observatlona .  Although 
the  determination  of  A,  B  and  P  for  this  procedure  is  much  more 
complicated  than  those  expressed  by  A-9,  an  iterative  solution  of 
A-7  is  readily  obtained  by  an  electronic  computer. 


Ilie  iterative  solution  of  A- 7  is  actua  iy  unnecessary  if  the 
expression  of  A-4  is  modified  so  that  the  normalized  least  squares 
equation  A-5  are  all  made  linear  with  respect  to  linearized  variables. 
It  is  also  possible  to  add  one  more  partial  derivative  term  such 
Q  to  A-5  and  solve  it  together  with  the  rest  of  the  linear  normal 
equations.  In  this  way  it  is  possible  to  find  a  single  (not  two) 
thermal  diffusivity  that  will  satisfy  the  least  squares  requirement 
together  with  other  least  squares  constants  such  as  A,  B  and  P. 

Further  work  is  in  progress  along  this  line  and  will  be  discussed 
in  h  iorthcoroing  report. 
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Figure*  87-1  to  Annuel  average  earth  taaperature  and  amplitude  plotted 
87*19  against  depth 

Figure*  SP-1  to  Kerth  temperature  phase  angle  plotted  against  depth 
8P-19 
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PHASE  ANGLE.  RADIANS 


DEPTH,  INCHES 


PHASE  ANGLE  ,  RADIANS 


EARTH  STATION: 

MANHATTAN,  KANSAS 

AIR  STATION: 

CONCORDIA ,  KANSAS 


J _ I _ 1 _ I _ L 

20  40  60 


DEPTH,  INCHES 


o  - - - 

0  20  40  60  80 


100 


DEPTH ,  INCHES 


PHASE  ANGLE,  RADIANS 


DEPTH,  INCHES 


PHASE  ANGLE  ,  RADIANS 


2.8 


EARTH  STATION: 

FAUCETT,  MISSOURI 

AIR  STATION: 

SPRINGFIELD,  MISSOURI 


J _ I _ i _ L 

40  60 


DEPTH,  INCHES 


I 


►  FA 


EARTH  STATION: 

SIKESTON,  MISSOURI 

AIR  STATION: 

SPRINGFIELD,  MISSOURI 


SP-12 

■  J _ [ . -1 _ I _ I _ I _ 1 _ l  ■ 

20  40  60  80  (00 


DEPTH,  INCHES 


PHASE  ANGLE,  RADIANS 


0  20  40  60  80  100 


depth,  inches 


1  I  I  I  I — I — I — I — I — I 


EARTH  STATION: 

CORVALLIS,  OREGON 
AIR  STATION: 

EUGENE,  OREGON 


Fig-  sp-is 


-i — i — i — i — i _ i  i 

40  60  80  100 


depth,  inches 


PHASE  ANGLE  ,  RADIANS 


0  20  40  60  60  100 


DE»  Tn,  INCHES 


PHASE  ANGLE,  RADIANS 


T 


OEPTH,  inches 


PHASE  ANGLE  ,  RADIANS 


1.4 


1.2 


1.0 


0  * 


EARTH  STATION: 

TEMPLE,  TEXAS 
AIR  STATION: 

WACO,  TEXAS 


0  2 


F«s. 


I _ I _ I _ I _ I _ I _ 1 _ 1 _ I _ L 

O  20  40  60  eo 


SP-U 


_L 

>00 


oepth,  INCHES 


ngle,  radians 


Tables  ST-1  to  Stannary  of  observed  earth  temperatures,  results  of 
ST -63  le<»st-rquares  analysis,  and  calculated  earth 

temperatures  using  the  least-squares  constants  for 
all  of  63  earth  temperature  stations 


Tables  STA-1  to  Calculated  earth  temperatures  for  selected  depths  and 
STA-63  thermal  dlffualvitles,  and  Integrated  average 

temperature  for  upper  10-ft  earth  stratum  for  63 
earth  temperature  stations 


ST-  l 


EARTH  TEMPERATURE  STATION 

TYPE  OF  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


AUBURN* ALABAMA 
SAADY  SOIL 
UNKNOWN 
E.R.FITTON 
REFERENCE ( 4 1 


PERIOD  OF  OBSERVATION 


18E9 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

3.0 

48.5 

50.5 

55.2 

65.5 

72.2 

74.0 

86.5 

82.2 

75.5 

64.8 

52.2 

52.0 

6  0 

48.2 

55.5 

53.8 

64.8 

72.0 

73.5 

85.8 

81.5 

75.0 

65.2 

52.8 

51.2 

24  «0 

49.5 

50.5 

53.8 

62.5 

70.5 

74.2 

81.5 

80.0 

80.8 

68.2 

58.8 

55.0 

48.0 

52.5 

50.5 

53.5 

59.8 

67.2 

72.2 

77.0 

78.0 

70.8 

70.8 

63.5 

58.5 

96.0 

58.0 

55.5 

55.2 

57.2 

6l  -  ? 

67.2 

71.0 

73.2 

75.0 

72.5 

77.0 

63.5 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SURFACE! IN )  AVERAGE(A) 

SQUARES  analysis 

AMPLITUDE'8)  phase 

ANGLE(P) 

STANDARD 

DEVIATION 

3.0 

65.0 

17.5 

C.  56 

3.G 

6.0 

65.0 

16.6 

C.  56 

3.4 

24.0 

65.5 

16.1 

0.77 

2.0 

48.0 

64.6 

12.8 

C.91 

1.7 

96. C 

65.6 

10.5 

1.53 

2.6 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.0 

48.4 

50.7 

56.5 

65.0 

73.2 

79.4 

81.6 

79.4 

73.1 

64.9 

56.4 

50.5 

6.0 

4e.7 

50.8 

56  „  4 

64.6 

72.7 

78.9 

81.3 

79.2 

73.2 

65.2 

56.9 

51.0 

24.0 

50.9 

51.8 

56.0 

62.8 

70.1 

76.  1 

79.1 

78.3 

73.8 

67.1 

59.6 

53.8 

48.0 

53.6 

53.3 

55.9 

61.1 

67.2 

72.9 

76.3 

76.7 

73.9 

68.8 

62.5 

57.0 

96.0 

58.3 

56.7 

57.1 

59.7 

63.6 

68.1 

71.5 

73.3 

72.8 

71.2 

66.2 

61.9 

(*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  =65.0, 60=1 7.0, PC=0.49  ,C=.047 


EARTH  TEMPERATURE  STATION 


AUbURN*  ALABAMA 


ST  A-  I 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  tEPTHS 

FOR  DIFFUSIVITY=Q.025.  A  =  65.0  t6D*  17.0  AND  PO*  0.49 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACCI INJ 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

51.9 

52.3 

55.9 

62.1 

68.9 

74.9 

78.1 

77.7 

73.9 

67.8 

60.7 

55.0 

48.0 

55.5 

54.5 

56.2 

60.4 

65.6 

70.9 

74.4 

75.5 

73.7 

69.6 

64.1 

59.0 

72.0 

58.5 

56.8 

57.2 

59.7 

63.5 

67.9 

71.3 

73.2 

72.7 

70.3 

66.3 

62.1 

96.0 

61.0 

59.0 

58.5 

59.7 

62.3 

65.7 

68.8 

71.0 

71.5 

70.2 

67.5 

64.2 

120.0 

62.9 

60.9 

59.9 

60.3 

61.9 

64.4 

67.0 

69.1 

70.1 

69.7 

68.0 

65.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

56.5 

55.7 

57.2 

60.9 

65.6 

70.2 

73.4 

74.3 

72.7 

69.1 

64.2 

CO  1 

*  4  m  • 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIV1TIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

01 FFUSIV ITIES 

SURFACE (  IN ) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

76.5 

77.5 

77  7 

77.9 

78.2 

48.0 

72.8 

74.9 

75.5 

75.9 

76.5 

72.0 

69.6 

72.4 

73.2 

73.8 

74.6 

96.0 

67.  1 

70.1 

71.0 

71.7 

72.8 

120.0 

INTEGRATED 
AVERAGE  FROM 

65.6 

68.  1 

69.1 

E9.9 

71.1 

SURFACE 

TO  10  FT. 

71.7 

73.7 

74.3 

CD 

• 

75.5 

EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  FARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PERIOD  OF  OBSERVATION 


ST-  2 

DECATUR, ALABAMA 
SI  IT  LOAM 
GRASS 

US  WEATHER  R.C. 
1949-195 l 


OBS6RVEO  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


DEPTH  BELOW 
SURFACE! INI 

i 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

4.0 

39.6 

45.3 

47.2 

55.2 

67.0 

72.4 

75.0 

71.9 

67.5 

61.5 

41.1 

35.4 

12.0 

43.7 

45.2 

46.7 

54.6 

67. 

76.3 

77.1 

75.9 

70.8 

64.9 

51.6 

44.5 

24.0 

42.8 

43.8 

46.9 

51.3 

60.1 

68.5 

70.3 

73.3 

68.2 

62.3 

53.6 

45.4 

48.0 

49.2 

46.8 

49.8 

52.5 

59.2 

67.2 

71.3 

76.8 

72.9 

68.6 

59.8 

51.4 

72.0 

51.4 

50.9 

51.1 

52.8 

58.1 

62.9 

67.1 

72.3 

69.0 

69.4 

65.9 

59.4 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 
SURFACE! IN) 

AVERAGE! A) 

AMPLITUOE(B) 

PHASE  ANGLE! P) 

STANDARD 

DEVIATION 

4.0 

56.9 

18.7 

C.47 

3.9 

12.0 

60.  1 

18.0 

0.67 

3.6 

24.0 

57.3 

15.1 

0.82 

3.0 

48.0 

60.6 

14.1 

1.06 

3.6 

72.0 

61.0 

10.8 

1.37 

3.0 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS ( •) 

MONTH  OF  YEAR 

OEPTH  BELOW 


URFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

4.0 

39.8 

42.7 

49.6 

59.4 

68.8 

75.8 

78.2 

75.4 

68.0 

58.4 

48.8 

42.1 

12.0 

41.3 

43.3 

49.1 

57.9 

66.8 

73.8 

76.6 

74.8 

68.5 

59.9 

50.8 

44.2 

24.0 

43.6 

44.4 

48.7 

56.1 

64.1 

70.9 

74.3 

73.7 

69.0 

61.8 

53.6 

47.0 

48.0 

47.8 

46.9 

49,. 0 

53.9 

60.0 

66.0 

70.0 

71.1 

68.8 

64.0 

57.7 

51.9 

72.0 

51.5 

45.6 

50.1 

53.0 

57.4 

62.4 

66.3 

68.4 

67.8 

64.9 

60.3 

55.5 

!*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  *59»0,d0=20*0, P0*0.45  ,D».023 


EARTH  TEMPERATURE  STATION 


STA-  2 


DECATUR* ALABAMA 


CALCULATEC  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  0lFFUSlVITY=Q.025,  A*  59. C  ,BQ*  21.0  AND  P0«  0.45 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE ( IN ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

42.7 

43.5 

48.2 

56.  I 

64.5 

71.7 

75.3 

74.5 

69.5 

61.8 

53.1 

46.2 

48.0 

47.0 

46.1 

48.4 

53.7 

60.3 

66.7 

70.9 

71.9 

69.4 

64.2 

57.4 

51.2 

72.0 

50.8 

48.8 

49.5 

52.8 

57.6 

62.9 

67.1 

69.2 

68.4 

65.2 

60.2 

55.0 

96.0 

53.8 

51.5 

51.0 

52.7 

56.0 

60.2 

64.0 

66.5 

66.9 

65.2 

t  1.8 

57.7 

120.0 

56.2 

53.8 

52.7 

53.3 

55.3 

58.5 

61.6 

64.2 

65.3 

64.7 

2.5 

59.5 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

■r* 

00 

• 

OJ 

47.5 

49.6 

54.3 

60.1 

65.8 

69.6 

70.5 

68.2 

63.6 

57.6 

52.1 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DI FFUS I VI T I ES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

DIFFUS IVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

73.1 

74.2 

74.5 

74.7 

75.0 

48.0 

68.7 

71.3 

71.9 

72.4 

73.1 

72.0 

64.8 

68.2 

69.2 

69.9 

70.9 

96.0 

61.8 

65.4 

66.3 

67.4 

68.7 

120.0 

INTEGRATED 
AVERAGE  FROM 

59.8 

6  3.0 

64.2 

65.2 

66.6 

SURFACE 

TO  10  FT. 

67.3 

69.8 

70.3 

71.1 

71.9 

CAR TH  TEMPERATURE  STATION 

TYPE  OF  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


ST-  3 

TEMPE, ARIZONA 
SA6DY  SOIL 
CITRUS  GROVE 

US  WEATHER  R.C. 


PER  IOC  OF  OBSERVATION  1957-1959 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


UEPTH  BELOW 
SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

8.0 

A  9.  7 

53.3 

60.6 

68.9 

73.8 

81.9 

86.4 

86.8 

78.7 

68.9 

55.5 

50.1 

20.0 

54.0 

56.1 

62.5 

69.0 

74.3 

81.5 

86.4 

87.1 

82.6 

73.4 

62.0 

55.9 

39.0 

56.7 

56.6 

60.4 

65.0 

70.4 

77.4 

82.6 

83.5 

81.5 

75.0 

66.3 

60.0 

89.0 

63.2 

61.3 

61.1 

62.8 

68.3 

70.9 

75.3 

77.6 

78.2 

75.7 

71.7 

67.3 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SURFACE! IN)  AVERAGE ( A  j 

SQUARES  ANALYSIS 

AMPLITUDE! 6)  PHASE 

ANGLE! P) 

STANDARD 

DEVIATION 

8.0 

68.0 

18.6 

C.53 

2.5 

20. C 

70.5 

16.4 

0.66 

1.9 

39.0 

69.7 

13.7 

C.  88 

1.1 

89.0 

69.5 

8.6 

1.32 

1.3 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  OEPTHS!*) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

8.0 

51  > 

53.8 

60.0 

69.3 

78.6 

85.7 

88.5 

86.3 

79.6 

70.5 

61.0 

54.2 

20.0 

53.7 

54.7 

59.6 

67.5 

75.9 

82.9 

86.3 

85.3 

60.1 

72.3 

63.7 

57.0 

39.0 

57.0 

56.6 

59.5 

65.5 

72.5 

79.0 

82.9 

83.5 

80.2 

74.4 

67.2 

60.9 

89.0 

64.1 

61.9 

61.7 

63.8 

67.5 

71.9 

75.7 

78.1 

78.2 

76.1 

72.3 

66.0 

I*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  «70.0, 80-20. 0,PQ«0. 47  ,D».027 


EARTH  TEMPERATURE  STATION 


STA-  3 

TEMPE, ARIZONA 


CALCULATEC  EARTH  TEMPERATURES  AT  SELECTED  LEPTHS 

FOR  DIFFUSIVITY*0.025,  A*  70.0  ,00*  20.0  AND  PO*  0.47 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

54.5 

55.2 

59.5 

66.9 

74.9 

81.9 

85.4 

84.9 

80.2 

73.0 

64.7 

58.1 

40.0 

58.7 

57.7 

59.8 

64.8 

71.0 

77.  1 

81.2 

62.3 

80.0 

75.1 

68.7 

62.8 

72.0 

62.3 

60.3 

60.9 

63.9 

68.4 

73.6 

77.6 

79.6 

79.0 

76.0 

71.3 

66.4 

96.0 

65.2 

62.9 

62.4 

63.9 

67.0 

71.0 

74.6 

77.1 

77.6 

76.0 

72.8 

68.9 

120.0 

67.4 

65.1 

64.0 

64.5 

66.4 

69.4 

72.4 

74.9 

76.0 

75.5 

73.5 

70.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

59.9 

59.0 

60.9 

65.3 

70.9 

76.3 

80.0 

81.0 

70.9 

74.6 

68.8 

63.6 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSI VI  TIES 
AND  SELECTED  OEPTHS 


DEPTH  BELOW 

OIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

83.4 

84.6 

84.9 

85.1 

85.4 

48.0 

79.2 

81.7 

82.3 

82.8 

83.4 

72.0 

75.4 

78.7 

79.6 

80.3 

81.3 

9o.0 

72.6 

76.0 

77.1 

78.0 

79.2 

120.0 

INTEGRATED 
AVERAGE  FROM 

70.  7 

73.8 

74.9 

75.8 

77.2 

SURFACE 

TO  10  FT. 

77.9 

80.3 

81.0 

81.5 

82.3 

ST-  4 


EARTH  TEMPERATURE  STATION  TUCSON* ARIZONA 

TYPE  OF  SOIL  UNKNOWN 

TYPE  OF  EARTH  SURFACE  BARE 

DATA  PROCESSED  BY  JEN-HU-CHANG 

DATA  SOURCE  REFERENCE! 5 ) 

19  <8 

PERIOD  OF  OBSERVATION  1937-1938 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

1.0 

53.6 

51.9 

61.2 

75.6 

83.2 

85.3 

80.3 

81.1 

79.8 

77.0 

65.5 

53.5 

12.0 

57.6 

56.8 

61.4 

70.5 

77.2 

83.4 

88.6 

90.6 

88.8 

81.6 

71.2 

61.1 

24.0 

62.8 

61.8 

65.3 

70.2 

76.2 

81.4 

86.0 

88.1 

87.4 

81.8 

74.1 

65.8 

72.0 

64.7 

62.5 

63.4 

65.5 

70.9 

75.6 

79.1 

82.2 

83.0 

81.0 

75.4 

68«l 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 
SURFACE! IN) 

aver agf ( a ) 

AMPLITUDES)  PHASE 

ANGLE  1 P) 

STANDARD 

DEVIATION 

3.0 

70.9 

t6.0 

C.  52 

4.4 

12.0 

74.2 

17.1 

C.87 

1.5 

24.0 

75.2 

13.2 

0.96 

1.1 

72.0 

72.  7 

10.3 

1.28 

0.8 

CALCULATED  p ARTH  TEMPERATURES  AT  OBSERVED  CEPTHS!*) 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACE! IN) 

J 

f 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

3.0 

58.0 

58.0 

62.2 

70. 1 

79.1 

87.2 

91.9 

92.0 

87.5 

79.7 

70.5 

62.7 

12.0 

59.6 

58. 4 

62.3 

69.  3 

77.6 

85.5 

90.3 

91.1 

87.4 

80.5 

71.9 

64.4 

24.0 

fcl.5 

60.2 

62.6 

68.5 

76.0 

83.4 

88.3 

89.8 

87.1 

81.4 

73.6 

66.5 

72.0 

68.! 

65.4 

65.1 

67.5 

71.8 

77.1 

81.7 

84.6 

84.8 

82.4 

77.9 

72.8 

(«)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  »75. 0*60*18. 0,P0*0. 77  ,C*.039 


EARTH  TEMPERATURE  STATION 


STA-  4 

TUCSON. ARIZONA 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  OIEFUSIV! TV«0.025.  A«  75.0  ,B0«  18.0  ANO  PO*  0.77 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

62.4 

60.8 

62.8 

68.2 

75.3 

82.4 

87.4 

89.2 

87.0 

81.7 

74.4 

67.5 

48.0 

66.6 

64.1 

64.4 

67.5 

72.6 

78.4 

83.2 

85.9 

85.6 

82.4 

77.2 

71.5 

72.0 

69.9 

67.1 

66.2 

67.7 

71.1 

75.6 

79.9 

82.9 

83.7 

82.2 

78.7 

74.3 

96.0 

72.5 

69.6 

68.2 

68.5 

70.6 

73.9 

77.4 

80.3 

81.8 

81.5 

79.3 

76.1 

120.0 

74.3 

71.7 

70.0 

69.6 

70.6 

72.9 

75.6 

78.3 

80.0 

80.4 

79.3 

77.1 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

67.5 

65.3 

65.5 

66.3 

72.8 

78.  1 

82.3 

84.7 

84.4 

81.6 

76.9 

71.9 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  UlFFUSI V1TIES 
ANO  SELECTED  DEPTHS 


DEPTH  BELOW 

D I FFUSI V I  TIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

87.3 

88.8 

89.2 

89.4 

89.8 

48.0 

82.5 

85.2 

85.9 

86.5 

87.3 

72.0 

78.7 

81.9 

82.9 

63. 7 

84.8 

96.0 

76.3 

79.3 

80.3 

81.2 

82.5 

120.0 

INTEGRA TEO 
AVERAGE  FROM 

74.9 

77.3 

78.3 

79.1 

80.4 

surface 

TO  10  FT. 

81.6 

84.0 

84.7 

85.3 

86.1 

ST-  5 

EARTH  TEMPERATURE  STATION  BRAWLEY»CAL IFORNIA 

TYPE  OF  SOIL  SILTY  CLAY 

TYPE  OF  EARTH  SURFACE  BARE 

OATA  PRUCESSEO  BY 

OATA  SOURCE  CLIMATOLOGICAL  OATA 

PERIOD  OF  OBSERVATION  1960-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

4.0 

49.5 

55.7 

62.8 

74.4 

78.9 

88.2 

93.6 

96.2 

88.3 

76.1 

63.0 

52.8 

8.0 

55.8 

60.5 

65.9 

76.0 

80.6 

89.2 

95.6 

96.4 

91.1 

81.8 

69.2 

60.0 

12.0 

59.2 

62.9 

67.7 

77.0 

81.3 

89.8 

96.0 

97. 

93.0 

83.6 

72.6 

63.6 

20.0 

61.5 

64.1 

67.9 

76.1 

80.6 

87.7 

93.6 

95.6 

92.6 

85.0 

75.4 

66.7 

39.0 

65.5 

65.9 

67.6 

73.2 

77.5 

82.5 

88.3 

91.2 

90.5 

85.8 

79.1 

71.5 

79.0 

72.8 

70.9 

70.9 

72.8 

75.7 

78.7 

82.7 

86.0 

87.2 

86.1 

82.6 

77.8 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SURFACE  t IN)  AVERAGE ( A  ) 

SQUARES  ANALYSIS 

AMPLITUOFIB?  PHASE 

ANGLE! P) 

STANOARO 

DEVIATION 

4.0 

73.2 

21.5 

C.  61 

3.0 

8.0 

76.9 

19.4 

0.70 

2.6 

12.0 

78.8 

18.2 

C.  75 

2.3 

20.0 

79.0 

16.3 

C.B4 

1.9 

39.0 

78.2 

12.8 

1.08 

1.5 

79.0 

78.7 

8.3 

1.48 

0.8 

calculatec  EARTH  1 

TEMPERATURES  AT 

OBSERVED  DEPTHS!-) 

MONTH  OF  YEAR 

DEPTH  BELOW 

SURFACE (IN  I 

J 

F 

M 

A 

H 

J 

J 

A 

S 

0 

N 

D 

4.0 

60.0 

61.4 

67.2 

76.5 

86.1 

94.2 

97.9 

96.6 

90.4 

81.4 

71.4 

63.7 

8.0 

61.0 

61.9 

67.1 

75.7 

85.0 

93.0 

96.9 

96.  1 

90.6 

82.1 

72.5 

64.9 

12.0 

61.9 

62.4 

67.0 

75.1 

64.0 

91.8 

96.0 

95.6 

90.7 

82.7 

73.6 

66.1 

20.0 

65.8 

63.5 

67.0 

74.0 

82.2 

89.6 

94.1 

94.6 

90.7 

83.8 

75.4 

68.2 

39.0 

67.8 

66.2 

67.8 

72.5 

78.8 

85.3 

90.0 

91.8 

90.1 

85.4 

78.9 

72.6 

79.0 

74.4 

71.7 

70.9 

72.2 

75.3 

79.5 

83.4 

86.2 

87.1 

85.7 

82.5 

78.5 

(•)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  *79«0t®0lt?0«0t  ^0*0*  60  *0*9019 


EARTH  TEMPERATURE  STATION 


STA-  5 

BRAWLEV, CALIFORNIA 


CALCULATEC  EARTH  TEMPERATURES  AT  SELECTEO  DEPTHS 

FOR  QIFFUSIVI  TY*0.Q23#  A«  79.0  ,80-  20.  C  AND  P0»  0.60 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

64.0 

65. 6 

67.1 

73.9 

82.0 

89.4 

93.9 

94.4 

90.7 

83.9 

75.6 

68.5 

48.0 

68.4 

66.6 

68.0 

72.3 

78.4 

84.8 

89.4 

91.4 

89.9 

85.6 

79.3 

73-2 

72.0 

72.1 

69.6 

69.5 

72.0 

76.2 

81.4 

85.7 

88.4 

88.4 

86.0 

81.5 

76.6 

96.0 

75.0 

72.5 

71.3 

72.4 

75.1 

79.0 

82.8 

85.7 

66.7 

85.6 

82.7 

78.9 

120.0 

77.2 

74.6 

73.1 

73.2 

74.8 

77.6 

80.7 

83.4 

84.9 

84.8 

83.1 

80.4 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

69.6 

68.0 

69.2 

73.1 

78.4 

84.  1 

88.3 

90.0 

88.7 

84.8 

79.  ? 

»3.8 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVITIES 
ANO  SELECTED  DEPTHS 


OEPTH  BELOW 

OIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

92.7 

94.  1 

94.4 

54.7 

95.0 

48.0 

87.9 

90.7 

91.4 

91.9 

92.7 

72.0 

83.9 

87.4 

88.4 

89.1 

90.2 

96.0 

81.1 

84.5 

85.7 

86.6 

87.9 

120.0 

INTEGRATED 
AVERAGE  FROM 

79.4 

82.  3 

83.4 

84.3 

85.8 

surface 

TO  10  FT. 

86.  7 

89.  3 

90.0 

90.6 

91.5 

ST-  6 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

OATA  SOURCE 


OAVIS, CALIFORNIA 
RELENT  ALLUVIUM 
UNCROPPED 
E.M.FITTON 
REFERENCE!*) 


PER  IOC  OF  OBSERVATION 


19/5-1927 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BCLG* 


SURFACE! IN) 

J 

F 

u 

A 

M 

J 

J 

A 

S 

0,5 

*8.0 

51.1 

58.* 

63.2 

7*.  8 

82.0 

90.6 

86.0 

77.* 

3.0 

*8.2 

*9.9 

55.2 

61.9 

72.9 

78.9 

86.6 

83.2 

76.* 

6.0 

*8.8 

50.2 

5*. 5 

60.9 

72.0 

78.0 

87.2 

8*. 5 

79.* 

12.0 

*8.5 

50.2 

53.7 

60.2 

70.8 

76.* 

8*.* 

83.0 

77.2 

2*  .0 

53.2 

51.  » 

5*  .6 

59.  7 

68.* 

72.9 

82.8 

82.8 

78.2 

36.0 

51.2 

51.* 

5*. 3 

60.  1 

68.8 

72.9 

80.6 

82.5 

78.6 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOfc 
SURFACE  II N) 

AVERAGE ( A  1 

AM°l I TUOE ( ft ) 

PHASE  ANGLE (P) 

STANDARD 

DEVIATION 

0.5 

67.9 

19.* 

C.  63 

2.2 

3.0 

66.7 

18.2 

C.  67 

1.* 

6.0 

67.0 

18.3 

L.  /9 

1.5 

12.0 

65.9 

17.* 

0.78 

1.3 

7*  .  0 

66.  R 

15.2 

C.  97 

1.5 

36  .  J 

66.  3 

15.* 

0.93 

1.3 

EARTH  TEMPERATURE  STATION 


STA-  6 


DAVIS, CALIFORNIA 


CALCULATED  EARTH  TEMPERATURE  AT  SELECTED  DEPTHS 


FOR  D1FFUSIVITY* 

0.025 

,  A 

=  66.0 

« BO- 

>  19.0 

AND 

P0= 

0.63 

MONTH 

OF 

YEAR 

OEPTH  bELOW 

SURF AC  E 1 1 N )  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

24.0  51.9 

51.3 

54.4 

60.8 

68.4 

75.5 

80.0 

80.7 

77.4 

71.1 

63.3 

48.0  56.1 

54.3 

55.4 

59.4 

65.1 

71.2 

75.7 

77.7 

76.5 

72.5 

66.6 

72.0  59.6 

67.1 

56.9 

59.  1 

63.1 

68.0 

72.2 

74.8 

75.0 

72.8 

68.7 

96.0  62.4 

59.7 

58.7 

59.6 

62.1 

65.8 

69.4 

72.2 

73.3 

72.4 

69.  7 

120.0  64.4 

61.9 

60.5 

60.4 

61.9 

64.  5 

67.4 

70.1 

71.6 

71.5 

70.0 

INTEGRATED 

AVERAGE  FROM 

SURFACE  57.2 

55.5 

56.5 

60.  i 

65.2 

>0.6 

74.6 

76.4 

75.4 

71.8 

66.6 

TO  10  FT. 

CALCULAfEC  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVI 
AND  SELECTED  DEPTHS 


OEPTH  BELOW 

C I FFUS 1 V I  TIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

C.  330 

0.040 

24.0  - 

7  >  •  0 

80.4 

80.7 

81.0 

81.3 

48.0 

74.4 

77.0 

77.  7 

?8.3 

79.0 

72-0 

70.6 

73.9 

74.3 

i  5.6 

76t  6 

96.0 

67.9 

71.1 

72.2 

73.1 

74.4 

120.0 

INTEGRATED 

AVERAGE  FROM 

66.3 

69.0 

70.1 

70.9 

72.3 

SURFACE 

TO  10  FT. 

73.  3 

75.7 

76.4 

77.0 

77.8 

D 

56.4 
6G.8 
64.0 
66.1 

67.5 


61.3 


TIES 


ST-  7 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  8Y 

DATA  SOURCE 


FT.  COLL  INS  tCOLO. 
UNKNOWN 
UNKNOWN 
E. M.FITTQN 
REFERENCED) 


PERIOD  OF  UE SERVAT ION 


18  E9-1927 


neSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


DEPTH  BELOW 
SURFACEIIN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

3.0 

27.7 

29.6 

36.5 

46.0 

56.5 

66.7 

71.4 

69.3 

61.1 

48.3 

36.7 

29.7 

6.0 

29.3 

30.6 

37.1 

47.4 

56.6 

67.0 

71.9 

70.4 

62.8 

50.8 

39.0 

30.2 

12.0 

32.8 

31.1 

36.6 

45.5 

55.8 

65.5 

70.9 

70.1 

63.7 

52.3 

40.7 

33,2 

24.0 

32.9 

32.7 

36.8 

45.3 

53.3 

62.5 

68.5 

68.8 

64.0 

54.4 

43.7 

36,5 

36.0 

35.4 

32.6 

37.1 

43.6 

51.1 

59.  1 

65.2 

66.6 

63.4 

55.  5 

46.0 

38.9 

72.0 

42.5 

40.5 

40.8 

44.2 

48.8 

54.2 

59.2 

61.8 

62.0 

58.0 

52.1 

46.5 

RESULTS 

OF  LEAST 

SQUARES  ANALYSIS 

OEPTH  BELOW 

STANDARD 

SURFACE ( IN )  AVER AGF ( A ) 

AMPLITUDE(B)  PHASE 

ANGLE! P) 

DEVIATION 

3.0 

48.4 

22.1 

C.  58 

1.2 

6.0 

49.5 

21.9 

C.61 

1.2 

12.0 

50.0 

20.4 

0.69 

1.5 

24.0 

50.0 

IB  .6 

C.  78 

0.9 

36.0 

49.6 

16.6 

0.90 

0.8 

72.0 

50.9 

10.9 

1.21 

0.5 

EARTH  TEMPERATURE  STATION 


STA-  7 


FT.  COLLINS, COLO. 


CALCULATED  EARTH 

TEMPERATURES  AT 

SELECTED 

DEPTHS 

FOR  OIFFUS 

I VI  TV 

*0.025 

MONTH 

,  A 

1  OF 

=  50.0 

YEAR 

1  ,  BO* 

:  24. 

0  AND 

P0= 

0.54 

DEPTH  BELOW 

SURFACE  1  IN )  J 

F 

M 

A 

M 

J 

J 

A 

S 

U 

N 

D 

24.0  31.7 

31.8 

36.4 

45.0 

54.7 

63.3 

68.2 

68.2 

63.2 

54.8 

44.9 

36.6 

48.0  36.9 

35.1 

37.2 

42.8 

50.1 

57.7 

63.0 

64.9 

62.6 

57.1 

49.5 

42.2 

72.0  41.2 

38.6 

38.8 

42.1 

47.3 

53.  5 

58.6 

61.4 

61.  1 

57.9 

52.4 

46.4 

96.0  44.8 

41.7 

40.8 

42.3 

45.8 

50.6 

55.0 

58.3 

59.2 

57.6 

54.0 

49.3 

120.0  47.4 

44.4 

42.9 

43.2 

45.3 

48.7 

52.4 

55.6 

57.1 

56.8 

54.6 

51.2 

integrated 

AVERAGE  FROM 

SURFACE  38.3 

36.8 

38.6 

43.6 

50.1 

56.8 

61.5 

63.2 

61.2 

56.3 

49.5 

43.1 

TO  10  FT. 

CALCULATED  AUGUST 

EARTH  TEMPERATURE  AT 

SELECTED 

DI FFUS I V I  TIES 

AND 

SELECTED  DEPTHS 

DEPTH  BELOW 

0 1 FFUSIV 1  TIES 

SURFACE ( IN ) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

66.3 

67.9 

68.2 

68.5 

68.9 

48.0 

60.9 

64.0 

64.9 

65.5 

66.3 

72.0 

56.2 

60.  3 

61.4 

62.3 

63.6 

96.0 

52.8 

56.9 

58.3 

59.3 

60.9 

120.0 

50.6 

54.2 

55.6 

56.7 

58.4 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

59.4 

62.  3 

63.2 

63.9 

64.9 

TO  10  FT. 


1 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

OATA  PROCESSED  BY 

DATA  SOURCE 

PER  ICC  OF  OBSERVATION 


ST-  8 

FT.  COLLINS, COLO. 

UNKNOWN 

GRASS 

JEN-HU-CHANG 

REFERENCED) 

1958 

19C6-1946 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.0 

28.1 

30.2 

37.1 

47.1 

56.8 

67.2 

72.6 

70.3 

61.7 

49.0 

37.2 

30.2 

6.0 

29.4 

31.0 

37.4 

47.8 

57.0 

67.3 

72.3 

71.1 

63.3 

51.2 

39.1 

31.7 

12.0 

30.7 

31.6 

37.2 

47.3 

56.4 

66.  1 

72.1 

71.2 

64.4 

53.1 

41.2 

33.8 

24.0 

33.3 

33.2 

37.3 

45.8 

54.2 

63.2 

69.6 

69.8 

64.7 

55.1 

44.4 

37.0 

36.0 

36.  1 

35.4 

37.8 

44.5 

52.1 

60.  1 

66.6 

68.0 

64.6 

56.6 

47.2 

40.0 

72.0 

43.1 

41.2 

41.5 

44.9 

49.9 

55.8 

61.1 

63.9 

63.5 

59.3 

53.3 

47.4 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 

DEPTH  BELOW  STANDARD 


SURFACE! IN) 

AVERAGE { A ) 

AMPLITUDE(B) 

PHASE  ANGLE  IP) 

DEVIATION 

3.0 

49.1 

22.2 

C.  58 

1.3 

6.0 

50.0 

21.8 

0.61 

1.1 

12.0 

50.5 

21.1 

0.67 

1.0 

24.0 

50.7 

18.9 

C.  78 

0.9 

36.0 

50.8 

16.5 

0.90 

0.8 

72.0 

52.1 

11.6 

1.19 

0.4 

CALCULATEC  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS  I  * ) 

MONTH  OF  YEAR 

DEPTH  bELCW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

3.0 

26.7 

29.3 

37.0 

48.7 

60.3 

69.5 

73.3 

70.8 

62.5 

51.1 

39.1 

30.4 

6.0 

27.4 

29.6 

36.9 

48.1 

59.5 

68.6 

72.6 

70.5 

62.7 

51.7 

40.0 

31.3 

12.0 

28.8 

30.3 

36.6 

47.0 

57.8 

66.8 

71.2 

69.8 

63.0 

52.9 

41.7 

33.0 

24.0 

31.5 

31.7 

36.4 

45.1 

54.9 

63.6 

68.4 

68.4 

63.2 

54.7 

44.7 

36.3 

36.0 

34.1 

33.2 

36.6 

43.8 

52.4 

60.6 

65.8 

66.8 

63.1 

56.1 

47.1 

39.2 

72.0 

40.8 

38.2 

38.6 

42.1 

47.6 

53.9 

59.0 

61.8 

61.3 

57.8 

52.1 

46.0 

(»)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  =50. 0, 00=24.0, PG*0. 54  p0».027 


EARTH  TEMPERATURE  STATION 


STA-  8 


FT.  COLLINS, COLO. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  DIFFUSIVITY*0.025,  A*  50.0  ,B0=  24.0  AND  P0=  0.54 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

31.7 

31.8 

36.4 

45.0 

54.7 

63.3 

68.2 

68.2 

63.2 

54.8 

44.9 

36.6 

48.0 

36.9 

35.1 

37.2 

42.8 

50.1 

57.7 

63.0 

64.9 

62.6 

57.1 

49.5 

42.2 

72.0 

41.2 

38.6 

38.8 

42.1 

47.3 

53.5 

58.6 

61.4 

61.1 

57.9 

52.4 

46.4 

96.0 

44.8 

41.7 

40.8 

42.3 

45.8 

50.6 

55.0 

58.3 

59.2 

57.6 

54.0 

49.3 

120.0 

47.4 

44.4 

42.9 

43.2 

45.3 

48.7 

52.4 

55.6 

57.1 

56.8 

54.6 

51.2 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

38.3 

36.8 

38.6 

43.6 

50.1 

56.8 

61.5 

63.2 

61.2 

56.3 

49.5 

43.1 

TO  10  FT. 


CALCULATEO  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVITIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

OIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

66.3 

67.9 

68.2 

t8.5 

68.9 

48.0 

60.9 

64.0 

64.9 

65.5 

66.3 

72.0 

56.2 

60.  3 

61.4 

62.3 

63.6 

96.0 

52.8 

56.9 

58.3 

59.3 

60.9 

120.0 

INTEGRATED 
AVERAGE  FROM 

50.6 

54.  2 

55.6 

J6.7 

58.4 

SURFAFF 

TO  10  FT. 

59.4 

62.  3 

63.2 

63.9 

64.9 

ST-  9 


EARTH  TEMPER  ATURC  STATION  FT.  COLL  INS, COLO. 

TYPE  OF  SOU  LOAM 

TYPE  CF  EARTH  SURFACE  SPARSE  VEGETATION 

DATA  PROCESSED  BY 

DATA  SOURCE  CLIMATOLOGICAL  DATA 

N 

PERIOD  OF  OBSERVATION  1960-1961 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACEI IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.0 

27.8 

31.4 

38.5 

51.7 

61.8 

71.  1 

78.8 

77.7 

66.1 

53.7 

38.1 

31.9 

6.0 

28.4 

31.8 

38.1 

53.2 

61.7 

70.7 

78.7 

77.9 

66.9 

54.9 

40.3 

33.0 

12.0 

28.8 

31.4 

36.0 

49.6 

58.1 

66.4 

75.0 

74.7 

65.0 

53.9 

40.6 

33.8 

24.0 

32.1 

33.0 

36.5 

48.0 

55.9 

63.4 

71.1 

71.8 

65.4 

56.1 

44.4 

37.2 

36.0 

34.7 

34.5 

36.6 

46. 1 

53.7 

60.3 

68.2 

69.9 

65.5 

57.5 

47.3 

40.0 

72.0 

42.3 

40.2 

40.2 

44.2 

49.2 

54.6 

60.6 

64.1 

63.9 

59.3 

52.9 

46.7 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SUR FACE  I I N  )  AVERAGE ( A) 

SQUARES  ANALYSIS 

AMPLITUDEIB)  PHASE 

ANGLE  I P ) 

STANDARD 

DEVIATION 

3.0 

52.5 

25.2 

C.  58 

3.6 

6.0 

53.  1 

24.7 

0.60 

3.0 

12.0 

51.2 

22.8 

C.  66 

2.6 

24.0 

51.3 

19.9 

0.77 

2.1 

36.0 

51.3 

17.8 

C.  89 

1.9 

72.0 

51.6 

12.1 

1.21 

0.9 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  CEPTHSI*) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACEI IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

3.0 

24.8 

27.6 

35.9 

48.5 

61.2 

71.1 

75.2 

72.5 

63.5 

51.2 

38.3 

28.8 

6.0 

25.6 

28.0 

35.7 

47.8 

60.2 

70.1 

74.4 

72. 1 

63.7 

51.9 

39.3 

29.8 

12.0 

27.1 

28.7 

35.5 

46.6 

58.3 

68.1 

72.8 

71.4 

64.1 

53.2 

41.2 

31.8 

24.0 

30.2 

30.3 

35.3 

44.6 

55.0 

64.4 

69.7 

69.7 

64.3 

55.3 

44.5 

35.5 

36.0 

33.1 

32.1 

35.6 

43.  1 

52.3 

61.1 

66.7 

67.9 

64.2 

56.7 

47.2 

38.8 

72.0 

40.6 

37.7 

37.9 

41.4 

47.1 

53.7 

59.2 

62.3 

62.0 

58.5 

52.6 

46.2 

(*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  ■=50.0»BO  =  26.0*PC=0,54  ,D=.l)25 


EARTH  TEMPERATURE  STATION 


STA-  9 

FT.  COLLINS  »COLO. 


CALCULATED  EARTH  7EMPERATURES  AT  SELECTED  CEPTHS 


FOR  OIFFUS IVI TYS 

'0.025 

»  A  = 

=  50.0 

l  tBQ* 

>  26. 0 

AND 

P0= 

0.54 

MONTH 

OF  YEAR 

DEPTH  BELOW 

SURFACE! IN )  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0  30.2 

30.3 

35.3 

44.6 

55.0 

64.4 

69.7 

69.8 

64.3 

55.2 

44.4 

35.4 

48.0  35.8 

33.9 

36.1 

42.2 

50.2 

58.3 

64.0 

66.1 

63.7 

57.7 

49.4 

41.6 

72.0  40.5 

37.6 

37.9 

41.4 

47.1 

53.8 

59.3 

62.4 

62.0 

58.5 

52.6 

46.1 

96.0  44.3 

41.0 

40.0 

41.7 

45.5 

50.6 

55.5 

59.0 

59.9 

58.3 

54.3 

49.3 

120.0  47.2 

43.9 

42.3 

42.6 

44.9 

48.6 

52.6 

56.0 

57.7 

57.4 

55.0 

51.3 

INTEGRATED 

AVERAGE  FROM 

SURFACE  37.3 

35.7 

37.6 

43.0 

50.1 

5  7.4 

62.5 

64.3 

62.2 

56.9 

49.5 

42.5 

TO  10  FT. 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSI VI TI ES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

DIFFUSIV1TIES 

SURFACE ( I N ) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

67.7 

69.4 

69.8 

70.1 

70.5 

48.0 

61. a 

65.2 

66.  1 

66.8 

67.7 

72.0 

56.7 

61.  1 

62.4 

63.3 

64.7 

96.0 

53.0 

57.5 

59.0 

60.1 

6L.8 

120.0 

INTEGRATED 
AVERAGE  FROM 

50.7 

54.6 

56.0 

57.2 

59.1 

SURFACE 

TO  10  FT. 

60.2 

63.4 

64.3 

65.1 

66.  1 

GAINESVILLE. FLA 

SAND 

SOC 


ST- 10 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

OATA  PROCESSED  BY 

DATA  SOURCE 


CLIMATOLOGICAL  DATA 


PERIOD  OF  OBSERVATION 


1960-1961 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACEI IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

1.0 

60.4 

62.9 

69.5 

76.2 

86.2 

86.  1 

88.1 

86.6 

83.7 

77.7 

70.9 

61.1 

4.0 

59.9 

61.4 

67.7 

74.3 

80.5 

83.5 

66.0 

85.1 

82.2 

76.6 

69.8 

59.9 

8.0 

59.5 

60.1 

63.8 

72.8 

79.3 

82.9 

85.7 

85.0 

82.4 

76.6 

69,8 

60.0 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


depth  below 
SURFACE l IN ) 

AVERAGE ( A  i 

AMPLITUDE(B) 

PHASE  ANGLE I P ) 

STANDARD 

DEVIATION 

1.0 

75.9 

14.0 

C.  52 

2.9 

4.0 

74.0 

13.2 

C.  59 

2.4 

8.0 

73.? 

13.7 

0.67 

2.6 

EARTH  TEMPERATURE  STATION 


STA-10 


GAINESVILLE, FLA. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  LEPTHS 

FO,  0IFFUSIVlTY*0.025,  A*  74.0  ,B0*  10.0  AND  PO*  0.60 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

66.5 

66.3 

68.0 

71.5 

75.5 

79.2 

B1.4 

81.7 

79.8 

76.5 

72.3 

68.7 

48.0 

68.7 

67.8 

68.5 

70.7 

73.7 

76.9 

79.2 

80.2 

79.4 

77.3 

74.2 

71.1 

72.0 

70.6 

69.3 

69.3 

70.5 

72.6 

75.2 

77.4 

78.7 

78.7 

77.5 

75.3 

72.8 

96.0 

72.0 

70.6 

TO,  2 

70.7 

72.1 

74.0 

75.9 

77.3 

77.8 

77.3 

75.9 

74.0 

120.0 

7  3.1 

71.8 

71.1 

71.1 

71.9 

73.3 

74.8 

76.2 

76.9 

76.9 

76.0 

74.7 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

69.3 

68.5 

69.1 

71.0 

73.7 

76.6 

78.6 

79.5 

78.8 

76.9 

74.1 

71.4 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVITIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

DIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

8C.8 

81.5 

81.7 

81.8 

82.0 

48.0 

78.5 

79.8 

80.2 

80.5 

80.8 

72.0 

76.5 

78.2 

78.7 

79.1 

79.6 

96.0 

75.0 

76.8 

77.3 

77.8 

78.5 

120.0 

INTEGRATED 
AVERAGE  FROM 

74.2 

75.6 

76.2 

76.7 

77.4 

SURFACE 

TO  10  FT. 

77.9 

79.  1 

79.5 

79.8 

80.2 

ST-U 


EARTH  TEMPF  R ATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  FAR1H  SURFACE 

OATA  PROCESSED  3Y 

DATA  SOURCE 


ATHENS, GA. 
SAFDY  LOAM 
THIN  GRASS 


CLIMATOLOGICAL  OATA 


PER  ICC  OF  OBSERVATION  19(0-1962 

OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


URFACEIIN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

2.0 

44.8 

51.7 

52.4 

60.0 

76.0 

80.9 

83.7 

82.4 

78.4 

70.5 

58.7 

45.8 

4.0 

44.  1 

51.  T 

51  .ft 

60.0 

75.2 

79.9 

83.2 

81.6 

77.8 

69.5 

58.1 

46.3 

8.0 

46.2 

52.8 

54.1 

61.2 

75.5 

80.6 

83.6 

83.5 

80.0 

72.4 

60.3 

49.4 

RESLLTS  OF  LMST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACEUN) 

AVERAGHA) 

AMPLITUDES) 

phase  anglecp) 

standard 

deviation 

2.0 

65.4 

20.1 

C  .  66 

3.0 

4.0 

64.  9 

19.7 

0.66 

2.9 

fl.O 

66.6 

19.1 

C.  70 

2.8 

EARTH  TEMPERATURE  STATION 


STA-ll 


ATHENS, CA. 


CALCU'ATEC  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 


FOR 

01 FFUS 

I V  1  TY* 

0.025 

.  A 

o 

• 

•o 

ti 

,  BO* 

18.0 

ANO 

P0» 

0.60 

MONTH 

OF 

YEAR 

OEPTH  BELOW 

surface i in? 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

53.5 

53.1 

56.3 

62.4 

69.7 

76.4 

80.4 

80.9 

77.5 

71.4 

'>4.0 

57.5 

4d.0 

57.5 

55.9 

57.1 

61.0 

66.4 

72.2 

76.4 

78.1 

76.8 

72.9 

67.3 

61.7 

72.0 

60.8 

58.5 

58.5 

60.  7 

64.5 

69.  1 

73.0 

75.4 

75.5 

73.3 

69.3 

64.8 

96.0 

6  3.4 

61.0 

60.1 

61.0 

63.5 

67.0 

70.4 

73.0 

73.9 

72.9 

70.3 

66.9 

120.0 

6  5.4 

63.0 

61.7 

61.8 

63.2 

65.7 

68.5 

71.0 

72.3 

72.2 

70.7 

68.2 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

58.5 

57.1 

58.2 

61.7 

66.5 

71.6 

75.3 

7o.  9 

75.7 

72.3 

67.2 

62.3 

TO  10  FT. 


CALCULATEC  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  D1 FFUS 1 V I T I ES 
AND  SELECTED  OEPTHS 


OEPTH  BELOW 

DIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

C.  030 

0.040 

24.0 

79.  3 

80.  6 

80.9 

81.1 

81.4 

48.0 

75.0 

77.5 

78. 1 

78.6 

79.3 

72.0 

71.4 

74.5 

75.4 

76.1 

77.  1 

96.0 

68.9 

72.0 

73.0 

73.8 

75.0 

120.0 

integrated 

AVERAGE  FROM 

67.3 

69.9 

71.0 

71.8 

73.1 

SURFACE 

TO  10  FT. 

74.0 

76.  2 

76.  9 

?  7.4 

78.2 

ST-12 


EARTH  TEMPERATURE  STATIC*! 

TYPE  CE  SOIL 

TYPE  CF  EARIH  SURFACE 

OATA  PROCESSED  BY 

OATA  SOURCE 

PER  I  CO  OF  OeSERVATinN 


TIFTON.GA 
LOAMY  SAND 
GRASS 

JEN-HU-CHANG 
REFERENCE! 5) 
1958 

1954-1955 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

OEPTH  BELOW 

SURF  AC  c  t IN)  JFMAMJJASO 

3.0  47.5  51.5  65.0  74.8  05.5  90.2  89.5  89.8  83.0  69. b 
6.0  54.9  57.2  64.8  74.6  78.5  03.5  85.2  86.0  80.0  74.2 


RE  SI l TS  OF  LEAST  SQUARES  ANALYSIS 
DEPTH  BELOW 

SURFACE! IN)  AVERAGE ! A )  AMPL I TUOE ( B )  PHASE  ANGLE!P) 


3.0 

6.0 


71.  1 
71.4 


22.5 
1  6 . 0 


C.  40 

0.50 


N  0 

56.2  49.5 

62.2  54.5 


STANDARD 

DEVIATION 

2.4 

2.  I 


EARTH  TE^HEBATURF  STATION 


T  I  ETON, r, A 


STA-12 


CALCULATED  EARTH 

TEMPERATURES  AT 

SELECTED 

DEPTHS 

FUR  D 

DEPTH  BELOW 

IFFUS1 

VI  TY 

=  0.025 

MONTH 

>•  A 

1  OF 

=  71.1 

YEAR 

3  ,B0=  16. 

0  AND 

P0  = 

0.60 

SURFACE (IN)  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0  59.0 

58.7 

61.4 

67.0 

73.4 

79.3 

82.9 

83.3 

80.3 

74.9 

68.3 

62.6 

48.0  62.5 

61.1 

62.2 

65.7 

70.5 

75.6 

79.3 

80.9 

79.7 

76.2 

71.2 

66.3 

72.0  65.5 

63.5 

63.4 

65.4 

68.8 

72.9 

76.4 

78.5 

78.5 

76.6 

73.0 

69.1 

96.0  67.8 

65.6 

64.9 

65.7 

67.9 

71.0 

74.1 

76.3 

77.1 

76.3 

74.0 

70.9 

120.0  69.5 

INTEGRATED 
AVERAGE  FROM 

67.5 

66.3 

66.4 

67.6 

69.9 

72.3 

74.5 

75.7 

75.6 

74.3 

72.1 

SURFACE  63.5 

TU  10  FT. 

62.2 

63.1 

66.3 

70.6 

75.  1 

• 

00 

r- 

79.8 

78.8 

75.7 

71.2 

66.8 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT 

SELECTED 

DIFFUSIVITIES 

AND 

SELECTED  DEPTHS 

DEPTH  BELOW 

DIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

81.9 

83.  1 

83.3 

83.5 

83.8 

48.0 

78.1 

80.3 

80.9 

81.3 

81.9 

72.0 

74.9 

77.7 

78.5 

79.1 

80.0 

96.0 

72.7 

75.4 

76.3 

77.1 

78.1 

120.0 

71.3 

73.6 

74.5 

75.3 

76.4 

INTEGRATED 
AVERAGE  FROM 
SURFACE 

TO  10  FT. 

77.2 

79.2 

79.8 

E0.3 

81.0 

ST- 1 2 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  FAKTH  SURFACE 

DATA  PROCESSED  BY 

OATA  SOURCE 

i’KRICC  OF  OGSERVAT  ION 


TIFTON.GA 
LOAMY  SAND 
GRASS 

JE A- HU- CHANG 
REFERENCED) 
1958 

1954-1955 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH 

OF 

YEAR 

DEPTH  BELOW 
SURFACE  1  IN )  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.0  47.5 

51.5 

65.0 

74.8 

85.5 

90.2 

89.5 

89.8 

83.0 

69.8 

56.2 

49.5 

6.0  54.9 

57.2 

64.8 

74.6 

78.5 

83.5 

85.2 

86.0 

80,0 

74.2 

62.2 

54.5 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SURFACEl IN)  AVERAGE  I  A ) 

SQUARES  ANALYSIS 

AMPL ITUDE ( 8 )  PHASE 

ANGLEIP) 

STANDARD 

DEVIATION 

3.0 

71.  1 

22.5 

C.40 

2.4 

6.0 

71.4 

16.0 

0.50 

2.1 

ST-15 


EARTH  TEM?L»ATURE  STATION 
TYPE  CF  SOU 
TYPE  CF  EARTH  SOLACE 
OATA  PROCESSED  8 > 

DATA  SOURCE 


MOSCOW, IDAHO 

UNKNOWN 

UNKNOWN 

E.F.FITTGN 

REFERENCED) 


PERIDC  OF  OeSERVAT ION 


18S8-1901 


OBSERVED  MONTHLY  AVERAGE  EARTH  T EMPCRATURE  S 

MONTH  UF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

r- 

M 

A 

M 

J 

J 

A 

S 

U 

N 

D 

3.0 

30.8 

28.8 

34.4 

41.2 

51.2 

58.0 

64.1 

67.5 

54.6 

47.8 

40.8 

33.8 

6.0 

31.8 

3C.2 

34.6 

42.9 

48.6 

56.0 

63.6 

65.4 

56.8 

50.5 

41.6 

34.6 

9.0 

32.8 

31.0 

35.0 

45.9 

48.9 

54.8 

62.9 

64.9 

57.5 

51.8 

42.8 

36.4 

12.0 

3B.2 

32.8 

35.4 

44.7 

48.4 

54.8 

62.2 

64.  3 

58.1 

52.2 

43.6 

37.4 

24.0 

35.8 

34.8 

36.2 

44.5 

47.5 

52.9 

59.2 

62.5 

58.2 

53.2 

45.8 

39.2 

36.0 

37.8 

36.2 

37.0 

40.5 

46.2 

50.  1 

55.9 

60.0 

57.8 

53.8 

48.0 

41.6 

48.0 

39.8 

38.0 

38.0 

40.5 

45.4 

48.8 

53.7 

58.1 

57. 1 

53.8 

48.8 

43.4 

60.0 

40.8 

39.5 

38.8 

40.6 

44.6 

47.  5 

51.8 

56.3 

56.5 

54.0 

49.6 

44.6 

72.0 

42.8 

40.  « 

39.6 

41.5 

44.6 

47. 1 

50.6 

54.7 

55.5 

84.0 

51.6 

46.2 

RESLLTS  OF  LEAST 
DEPTH  BELOW 

SURFACE! IN)  AVERAGE ! A ) 

SQUARES  ANALYSIS 

AMPLITUDES)  phase 

ANGLEIP) 

STANDARD 

DEVIATION 

3.0 

46.2 

17.6 

C.  73 

2.2 

6.0 

46.5 

16.6 

C.  80 

1.6 

9.0 

47.  1 

15.6 

C.  82 

1.9 

12.0 

47.8 

14.3 

C.  68 

2.  1 

24.0 

47.5 

13.1 

1.96 

1.4 

36.0 

47.  1 

11.4 

1.15 

0.9 

48.0 

47.2 

9.9 

1.26 

0.8 

60.0 

47.  1 

8.8 

1.38 

0.8 

72.0 

47.5 

7.7 

1.52 

0.7 

CALCULATEC  FARTH  TEMPERATURES  AT  OBSERVED  LEP THS ( • ) 

MONTH  OF  YFAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

3.0 

30. 1 

30.3 

34.7 

42.7 

51.5 

59.5 

63.8 

63.7 

59.0 

51.2 

42.0 

34.4 

6.0 

30.8 

30.7 

34.7 

42.3 

50.8 

58.6 

63.1 

63.3 

59.0 

51.6 

42.7 

35.3 

9.0 

31.5 

31.1 

34.8 

41.9 

50.2 

57.8 

62.4 

62.9 

59.0 

52.0 

43.4 

36.1 

12.0 

32.2 

31.6 

34. R 

41.6 

49.5 

57.1 

61.7 

62.5 

58.9 

52.3 

44.  1 

36.8 

24.0 

34.8 

33.3 

35.3 

40.5 

47.4 

54.3 

59.1 

60.7 

58.5 

53.4 

46.3 

39.6 

36.0 

37.2 

35.1 

36.0 

40.0 

45.7 

51.9 

56.7 

58.9 

57.8 

53.9 

48.0 

42.0 

48.0 

39.  3 

36.8 

37.0 

39.8 

44.5 

50.0 

54.5 

57.1 

57.0 

54.1 

49.  3 

44.0 

60.0 

41.2 

38.5 

38.0 

39.9 

43.6 

48.4 

52.6 

55.5 

56.0 

54.  1 

50.2 

45.6 

72.0 

42.8 

4C.0 

39.1 

40.2 

43.1 

47.  1 

51.0 

53.9 

54.9 

53.8 

50.0 

4o.8 

(•>  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  *4 7. 0, OU* 18.0* PC *0.75  ,0*.0l9 


EARTH  TEMPF9*Tt*»e  ST  A  f  I  UN 


MOSCOW, I OAHO 


STA-13 


CAICULATEC  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 


FOR  OIFFUSIVITY* 

'0.025 

.  A 

*  47. C 

)  ,  BO? 

■  18.0 

AND 

P0= 

0.73 

MONTH 

1  OF  ' 

YEAR 

DEPTH  BELOW 

SURFACE ( IN )  J 

F 

M 

A 

M 

J 

J 

A 

S 

U 

N 

D 

24.0  34.2 

32.9 

35.1 

40.7 

47.8 

54.9 

59.7 

61.1 

58.6 

53.  1 

45.8 

39.0 

48  <  0  38.3 

36.0 

36.5 

39.8 

45.0 

50.9 

55.5 

58.0 

57.4 

54.1 

48.7 

43.1 

72.0  41.6 

38. 9 

38.3 

39.9 

43.4 

48.0 

52.2 

55.  1 

55.7 

54.0 

5G.4 

*5.9 

96.0  44.2 

41.  S 

40.2 

40.6 

42.8 

46.  t 

49. 6 

52.5 

53.9 

53.4 

51.1 

4*.  8 

120.0  46.0 

43.5 

42. C 

41.6 

42.7 

45.  1 

47.8 

50.4 

52.1 

52.4 

51.2 

48.9 

integrated 

AVERAGE  FROM 

SURFACE  39.3 

37.2 

37.6 

40.6 

45.2 

50.4 

54.6 

56.8 

56.3 

53.3 

48.5 

43.5 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVITIES 
AND  SELECTED  OEPTHS 


DEPTH  BELOW 

0IFFUS1V ITIES 

SURFACE  1  IN) 

0.010 

U.020 

0.025 

0.030 

0.040 

24,0 

59.  3 

60.  8 

61.1 

61.4 

61.8 

48.0 

54.6 

57.  3 

58.0 

58.5 

59.3 

72.0 

50.9 

54.  1 

55.  1 

55.8 

56.9 

96.0 

48.4 

51.5 

52.3 

53.3 

54.6 

120.0 

integrated 
AVERAGE  ERCM 

47. U 

49.4 

30.4 

51.3 

52.6 

SURFACE 

TO  10  FT. 

53.  7 

56.  1 

56.  U 

57.3 

58.2 

ST-|4 


£ARTh  TEMRMATURE  }  T  A  T  |  ON 

TYPE  CF  SOU 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

OAT  A  SOURCE 

PERIOD  OF  OBSERVATION 


ARGONNE, ILL 1NOIS 
SAFDY  CLAY 
PASTURE  GRASS 
J.E. CARSON 

referenceuoj 

1963 

19  i  3-1955 


UPSERVEO  PCNTHLY  AVERAGE  EARTH  TEMPERATURES 

MGNTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

c. 

24.0 

29.  3 

33.6 

49.4 

57.4 

69.9 

73.6 

71.3 

64.  1 

53.2 

37.6 

26.4 

0.4 

31.7 

32.5 

37.6 

50.1 

60.7 

72.0 

78.0 

76.0 

67.2 

56.5 

42.6 

33.7 

3.9 

31.  a 

32.1 

36.5 

48.9 

59.7 

71.3 

77.1 

75.2 

66.6 

56.4 

42.5 

33.6 

7.9 

32.9 

32.5 

36.4 

47.8 

58.1 

69.2 

75.2 

74.1 

66.8 

57.3 

44.2 

35.0 

19.7 

35.8 

34.5 

37.0 

45.7 

55.0 

64.8 

70.9 

71.6 

66.7 

59.  1 

47.9 

38.9 

39.4 

40.0 

37.9 

38.6 

43.9 

31.6 

59.5 

65.9 

68.  1 

66.0 

60.6 

52.2 

44.5 

120.0 

50.  3 

47.7 

45.8 

45.3 

47.0 

50.  I 

53.9 

57.3 

59.2 

59.2 

57.3 

54.1 

348.0 

52.  3 

52.4 

52.5 

51.9 

51.5 

51.2 

50.6 

5C.7 

51.0 

51.3 

31.6 

52.2 

P.ESLLTS  OF  LEAST 
OEPTH  BELOW 

SURFACE! IN)  AVERAGE ( A ) 

SQUARES  ANALYSIS 

AMPLITUDEIB)  PHASE 

ANGLE! P) 

STANDARD 

DEVIATION 

0. 

49.2 

24.7 

C.  60 

3.2 

0.4 

53.3 

23.7 

C.65 

1.9 

3.9 

52.8 

23.4 

0.66 

2.  i 

7.5 

52.o 

22.2 

C.  72 

1.8 

19.7 

52.4 

19.1 

0.86 

1.4 

39.4 

52.5 

15.3 

1.07 

1.0 

120.0 

52.3 

7.0 

1.85 

0.5 

348.0 

51.6 

0.9 

4.08 

0.3 

CALCULATFC  FARTH  TEMPERATURES  AT  OBSERVED  DEPTHS  I • ) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

0. 

28.3 

29.4 

35.8 

46.7 

58.4 

68.5 

73.6 

72.7 

65.7 

55.1 

43.0 

33.4 

C.4 

28.4 

29.4 

35.8 

46.6 

58.3 

68.3 

73.5 

72.6 

65.8 

55.2 

43.  i 

33.5 

3.9 

29.3 

29.9 

35.8 

46.0 

57.3 

67.2 

72.5 

72.1 

65.8 

55.8 

44.1 

34.6 

7.9 

30.3 

30.5 

35.7 

45.4 

56.3 

66.1 

71.5 

71.6 

65.9 

56.4 

45.2 

35.8 

19.7 

33.2 

32.3 

34.0 

44.0 

53.6 

62.6 

68.6 

69.6 

65.7 

57.9 

47.9 

39.1 

19.4 

37.7 

35.3 

37.0 

42.5 

50.1 

58.2 

64.1 

66.6 

64.6 

59.4 

51.5 

43.7 

120.0 

49.3 

46.1 

44.2 

44.0 

45.7 

48.6 

52.5 

55.8 

57.8 

58.0 

56.2 

53.1 

348.0 

51.7 

51.* 

51.6 

51.3 

50.9 

50.6 

50.3 

50.2 

50.4 

50.7 

81.  i 

51.4 

(•»  SASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  *51.0. BO-23. 0,PC«0. 70  .D-.026 


EARTH  TEMPERATURE  STATION 


STA-14 


ARGONNE. ILLINOIS 


CALCULATED  r  AR  TH  TEMPERATURES  AT  SELECTED  DEPTHS 


FOR  DI EFUS ! VI T Y= 

=0.025 

♦  AJ 

=  5I,(] 

i  ,ao* 

«  23.1 

0  AND 

PO* 

0.70 

MONTH 

i  OF  1 

TEAR 

DEPTH  BELOW 

SURFAC E ( IN  )  J 

F 

M 

A 

M 

J 

j 

A 

S 

0 

N 

D 

24.0  34.4 

33.0 

36.2 

43.5 

52.6 

61.6 

67.4 

69.0 

65.6 

58.4 

48.9 

40.3 

48.0  39.6 

36.9 

37.7 

42.2 

48.9 

56.3 

62.2 

65. 1 

64.  1 

59.7 

52.8 

45.6 

72.0  43.9 

40.5 

39.9 

42.2 

46.7 

52.6 

57.9 

61.4 

62.  1 

59.8 

55.0 

49.3 

96.0  47.2 

43.8 

42.2 

43.0 

45.8 

50.2 

54.6 

58.2 

59.8 

59.0 

56.0 

51.8 

120.0  49.6 

46.4 

44  •  5 

44.2 

45.7 

48.  7 

52.2 

55.5 

57.6 

57.8 

56.2 

53.2 

INTEGRATED 

AVERAGE  FROM 

SURFACE  40.9 

38.4 

39.2 

43.2 

49.1 

55.  7 

60.9 

63.6 

62.7 

58.8 

52.6 

46.2 

TO  10  FT. 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  01  FEUS  I V I T I ES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

DIFFUSIV1TIES 

SURFACE (IN) 

C.C10 

0.020 

0.026 

0.030 

0.040 

24.0 

66.7 

68.5 

69.0 

69.3 

69.8 

48. 0 

60.9 

64.2 

65.  1 

65.8 

66.7 

72.0 

56.2 

60.2 

61.4 

62.3 

63.7 

96.0 

53.0 

56.9 

58.2 

59.3 

60.9 

120.0 

INTEGRATED 
AVERAGE  FROM 

51.1 

54.3 

55.5 

56.6 

58.3 

SURFACE 

TO  10  FT. 

59.  7 

62.6 

63.6 

64.3 

65.3 

st-is 


EARTH  TE*PEMATURE  STATION 

TYPt  CF  SOIL 

TYPE  CF  EARTH  SURF AT  E 

DATA  PROCESSED  BY 

DATA  SOURCE 

PER  I OC  or  OBSERVATION 


IEPONT *  ILLINOIS 

UNKNOWN 

GRASS 

JEB-HU-CMANG 

REFERENCEI5I 

1958 

1952-1954 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

0.4 

31.2 

32.8 

37.8 

48.9 

59.9 

73.4 

76.2 

75.1 

66.5 

57.4 

42.4 

33.8 

3.9 

31.3 

32.4 

36.8 

47.5 

58.7 

72.9 

75.8 

74.7 

65.9 

57.5 

43.3 

34.0 

7.9 

32.4 

32.8 

16.8 

46.4 

57.1 

70.4 

74.2 

73.4 

66.1 

58.2 

45.0 

35.6 

19.7 

35.2 

34.8 

37.2 

44.8 

54.0 

65.6 

70.6 

71.0 

66.3 

59.6 

48.6 

39.4 

19.4 

39.3 

37.8 

38.7 

43.4 

50.6 

59.8 

65.7 

67.6 

65.8 

60.6 

52.0 

44.4 

120.0 

50.2 

47.4 

45.8 

45.2 

46.6 

49.7 

53.5 

56.8 

58.7 

58.6 

56.0 

53.6 

348.0 

52.2 

52.2 

52.1 

51.8 

51.3 

51.0 

50.1 

50.2 

50.5 

50.8 

51.4 

51.9 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 

DEPTH  BELOW  STANDARD 


SURFACE! IN) 

AVERAGE (A) 

AMPLITUDE! B) 

PHASE  ANGLEIP) 

DEVIATION 

0.4 

53.1 

23.4 

C.66 

1.4 

3.9 

52.7 

23.2 

0.69 

1.5 

7.9 

52.  v 

ii.v 

C.  74 

1.3 

19.7 

52.4 

19.0 

C-88 

0.9 

39.4 

52.2 

15.3 

1.08 

0.6 

120.0 

51.9 

6.8 

1.84 

0.4 

348.0 

51.3 

1.0 

4.14 

0.1 

CALCULATEC  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

0.4 

29.2 

30.9 

37.7 

48.8 

60.4 

70.1 

74,7 

73.2 

65.9 

55.0 

43.1 

33.0 

1.9 

30.1 

31.1 

37.6 

48.2 

59.5 

69.1 

73.8 

72.8 

66.0 

$5.6 

44.0 

34.8 

7.9 

31.0 

31.7 

17.5 

47.5 

58.5 

67.9 

72.9 

72.3 

66.1 

56.3 

45.0 

35.9 

19.7 

33.6 

33.2 

37.5 

46.0 

55.8 

64.9 

70.2 

70.8 

66.1 

57.8 

*7.7 

39.0 

39.4 

37.7 

36.0 

38.2 

44.3 

52.3 

60.4 

66.1 

68.1 

65.6 

59.5 

51.3 

43.4 

120.0 

49.3 

46.1 

44.4 

44.7 

46.9 

50.6 

54.5 

57.9 

59.6 

59.2 

56.9 

53.3 

348.0 

53.0 

52.9 

52.6 

52.2 

51.7 

51.3 

51.1 

51.1 

51.4 

51.8 

52.4 

52.7 

(•)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  *52.0»80«23.0»P0*0.65  ,D«.030 


■■Mm#*®***  '  * 


FAR)*  TC*»Pf«ATj*f  S»AMCN 


S  T  A- I  5 


lf*0*T,  ILL  NCIS 


CALCULATED  FARTh  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  DlFFUSIVITY-0.025,  A»  52.0  fB0«  23.0  AND  P0»  0.66 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACE ( 1 N ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

35.1 

34.1 

37.6 

45.2 

54.3 

63.1 

68.7 

69.9 

66.1 

58.7 

49.2 

40.7 

48.0 

40.3 

37.8 

38.9 

43.6 

50.4 

57.8 

63.5 

66.2 

64.9 

60.3 

53.2 

46.0 

72.0 

44.6 

41.4 

41.0 

43.5 

48.2 

54. C 

59.2 

62.6 

63.0 

60.5 

55.6 

49.9 

96.0 

47.9 

44.6 

43.2 

44.  1 

47.1 

51.5 

55.9 

59.4 

60.8 

59.9 

56.  7 

52.4 

120.0 

50.3 

47.2 

45.4 

45.2 

46.9 

50.0 

53.5 

56.8 

58.7 

58.8 

57.0 

54.0 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

41.6 

39.4 

40.4 

44.6 

50.6 

57.2 

62.2 

64.6 

63.5 

59.4 

53.1 

46.7 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVITIES 
AND  SELECTED  DEPTHS 


OEPTH  BELOW 

DIFFUSIVITIES 

SURFACE ( IN) 

C.010 

0.020 

0.025 

0.030 

0.040 

24.0 

67.7 

69.5 

69.9 

70.2 

70.7 

48.0 

62.0 

65.3 

66.2 

66 . 8 

67.7 

72.0 

57.4 

61.4 

62.6 

63.5 

64.8 

96.0 

54.  1 

58.  1 

59.4 

60.4 

62.0 

120.0 

INTEGRATED 
AVERAGE  FROM 

57.2 

55.5 

66.8 

57.8 

59.5 

SURFACE 

TO  10  FT. 

60.8 

63.7 

64.6 

65.3 

66.3 

EARTH  TEMPERATURE  ST  AT  I ON 
TYPE  Cf  SOIL 

TYPt  cf  earth  surface 
DATA  PROCESSED  8Y 
DATA  SOURCE 

PER i OC  OF  OBSERVATION 


ST-16 

URBANA, ILL  I  NO  IS 
SI l T  I OAM 
BL LEG  v AS  i  SOD 

CLIMATOLOGICAL  DATA 

19*0-1962 


OBSERVED  MONTHLY  AVERAGE  E^RTH  TEMPERATURES 


DEPTH  BELOW 
SURFACE l IN)  J 

E 

M 

MONTH 

A 

OF 

M 

YEAR 

J 

J 

A 

S 

0 

N 

0 

4.0  33.7 

33.4 

38.4 

50.7 

63.0 

73.  1 

7  7.  G 

76.8 

71.4 

62.7 

46.8 

35.6 

8.0  34.4 

34.2 

38.3 

49.3 

61.6 

71.6 

75.9 

73.4 

71.5 

60.0 

48.  1 

37.4 

RESILES  Of  l  C«ST 
DEPTH  BELOW 

SQUARES  ANALYSIS 

STANDARD 

SURFACE! INI 

AVERAGE (A) 

AMPLITUDES)  PHASE  ANGLE  (  P I 

deviation 

4.0 

55.4 

23.5 

2.9 

8.0 

54.  8 

22.0 

2.5 

»  A-  16 


t  A*  f*  “PM*  AT  ....  '>*  A'  !  *< 


j»  4A«a.  ill  twin 


CALCULATCC  EARTH  TEMPERATURES  AT  SELECTEO  CEPTHS 

FOR  0;FFJS!V!TV«0.02S,  A»  53. C  ,BO*  25.0  ANO  P0«  0.62 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! INI 

J 

F 

M 

A 

M 

J 

J 

A 

s 

0 

N 

0 

24.0 

34.4 

33.  7 

3  7.8 

46.3 

56.3 

65.  7 

71.5 

72.3 

67.8 

59.5 

49.2 

40.2 

48.0 

39.9 

37.5 

39.1 

44.4 

51.9 

59.9 

65.9 

68.5 

66. 8 

61.5 

53.7 

46.0 

72. 0 

44.6 

41.3 

41.1 

44.0 

49.3 

55.7 

61.2 

64.7 

64.8 

61.9 

56.4 

50.2 

96.0 

46.2 

44.7 

43.4 

44.6 

48.0 

52.8 

57.6 

61.2 

62.6 

61.4 

57.8 

53.1 

120.0 

50.9 

47.6 

45.7 

45.7 

47.6 

51.  1 

54.9 

58.4 

60.3 

60.3 

58.2 

54.8 

1NTEGRATE0 

AVERAGE  FROM 

SURFACE 

41.4 

39.2 

o 

• 

45.4 

52.0 

59.  1 

64.4 

66«  8 

65.2 

60.5 

53.6 

46.7 

TO  10  FT. 


CALCULATEC  AUGUST  EARTH  TEMPERATURE  AT  SELECTEO  DIFFUSIVITIES 
AND  SELECTEO  DEPTHS 

DEPTH  BELOW  DIFFUSIVITIES 


SURFACE ( IN ) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

70.  1 

71.9 

72.3 

72.7 

73.1 

48.0 

64.  1 

67.5 

68.5 

69.1 

70.1 

72.0 

59.1 

63.4 

64.7 

65.6 

67.0 

96.0 

55.5 

59.8 

61.2 

62.4 

64.1 

120.0 

53.4 

57.0 

58.4 

59.6 

6  1  r  4 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

62.6 

65.  R 

66.8 

67.5 

68.6 

TO  10  FT. 


ST-17 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


UR BANA, ILLINOIS 

UNKNOWN 

UNKNOWN 

E.M.FITTON 

REFERENCED) 


PERIOD  OF  OBSERVATION 


1913-1915 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

1.0 

29.2 

29.5 

39.8 

51.0 

63.0 

72.6 

78.2 

76.2 

69.0 

55.5 

42.2 

32.1 

3.0 

31.0 

30.6 

39.5 

50.6 

62.2 

72.2 

77.8 

75.8 

69.0 

56.8 

43.0 

33.4 

6.0 

32.6 

31.5 

39.3 

49.2 

60.5 

70.5 

75.8 

74.8 

68.8 

57.0 

44.0 

35.0 

9.0 

33.2 

33.0 

39.2 

48.7 

59.8 

69.4 

74.7 

74.0 

68.6 

57.4 

45.2 

36.0 

12. 0 

34.0 

33.2 

38.6 

48.4 

58.8 

68.0 

73.8 

73.2 

68.2 

58.0 

46.2 

37.4 

24.0 

37.6 

37.1 

38.6 

47.1 

55.4 

62.6 

68.5 

69.7 

66.7 

59.5 

50.6 

42.7 

36.0 

41.0 

38. 8 

40.1 

46.0 

53.6 

60.3 

66.0 

67.8 

66.1 

60.7 

53.0 

45.8 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 

DEPTH  BELOW  STANDARD 


SURFACE! IN) 

AVERAGE ( A ) 

AMPLITUDES) 

PHASE  ANGLEIP) 

DEVIATION 

1.0 

53.3 

25.0 

0.62 

0.9 

3.0 

53.6 

24.2 

C.64 

0.9 

6.0 

53.4 

22.7 

0.69 

0.9 

9.0 

53.4 

21.7 

C.71 

0.7 

12.0 

53.2 

20.9 

0.75 

0.6 

24.0 

53. 1 

16.8 

C.91 

0.5 

35.0 

53.3 

14.6 

1.04 

0.3 

EARTH  TEMPERATURE  STATION 


STA-17 


UR  SANA t ILLINOIS 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  OEPTMS 

FOR  DIFFUSIVITY=0.025,  A*  55.0  ,80*  24.0  AND  PO*  0.60 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACE l IN ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

37.0 

36.5 

40.7 

48.9 

58.5 

67.5 

72.9 

73.5 

69.0 

60.9 

51.0 

42.4 

40.0 

42.3 

40.1 

41.7 

47.0 

54.2 

61.9 

67.5 

69.9 

68.1 

62.9 

55.4 

48.0 

72.0 

46.7 

43.7 

43.6 

46.6 

51,7 

57.8 

63.1 

66.3 

66.3 

63.4 

58.1 

52.1 

96.0 

50.2 

47.0 

45.8 

47.0 

50.3 

55.0 

59.6 

63.0 

64.2 

62.9 

59.4 

54.9 

120.0 

52.8 

49.7 

48.0 

48.0 

50.0 

53.3 

57.0 

60.3 

62.1 

61.9 

59.9 

56.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

43.7 

41.8 

43.2 

47.9 

54.  \ 

6i. 

66.1 

68.2 

66.6 

62.0 

55.3 

48.8 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVITIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

DIFFUSIVITIES 

SURFACE! IN) 

0,010 

0.020 

0.025 

0.030 

0.040 

24.0 

71.4 

73.1 

73.5 

73.8 

74.2 

48.0 

65,  7 

69.0 

69.9 

70.5 

71.4 

72.0 

60.9 

65.1 

66.3 

67.2 

68.5 

96.0 

57.5 

61.6 

63.0 

64.1 

65.7 

120.0 

INTEGRATED 
AVERAGE  FROM 

55.4 

58.9 

60.3 

61.4 

63.1 

SURFACE 

TO  10  FT. 

64.3 

67.3 

68.2 

68.9 

70.0 

EAST*  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


ST-18 

WEST  LAFAYETTE, IND 
SILT  lOAM 
FEJQUE  GRASS 

CLIMATOLOGICAL  DATA 


PERIOD  OF  OBSERVATION  19J2 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 

DEPTH  BELOW 

SURFACE!  IN)  JFMAMjJASOND 


2.0 

4.0 

6.0 


29.3  29.5  33. ? 


48.0  66.7  74.5 
46.5  64.4  72.5 
47.4  63.5  71.4 


74.3  75.6  66.2 
75.7  66.5 
72.5  73.7  66.7 


57.0  42.1  30.0 

57.7  43.0  32.1 

56.8  45.6  35.9 


RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE  I  I N  J 

AVERAGE  IA) 

AMPUTUQE(B) 

phase  anglp'pt 

S  ANDARD 
DEVIATION 

2.0 

52.7 

25.2 

C.60 

2.6 

4.0 

52.5 

25.4 

0.67 

1.9 

8.0 

53.4 

21.9 

C.  69 

2.0 

EARTH  TEMPERATURE  STATION 


ST A- 18 

WEST  LAFAYETTE, IND 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DIFFUSiVITY*0.025,  A*  52.0  ,80=  26. C  AND  PO*  0.60 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE ( IN I 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24. C 

32.5 

32.0 

36.5 

45.4 

55.8 

65.5 

71.3 

72.0 

67.2 

58.4 

47.6 

38.3 

48.0 

38.2 

35.9 

37.6 

43.4 

51.2 

59.5 

65.5 

68.1 

66.2 

60.*: 

52.4 

44.4 

72.0 

43.0 

39.8 

39.7 

42.9 

48.4 

55.1 

60.7 

64.2 

64.3 

61.1 

55.3 

48.8 

96.0 

46.8 

43.3 

42.0 

43.4 

47.0 

52.0 

57.0 

60.7 

62.0 

60.6 

56.8 

51.9 

120.0 

49.6 

46.2 

44.4 

44.5 

46.5 

50.2 

54.2 

57.7 

59.7 

59.5 

57.3 

53.8 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

39.8 

37.7 

39.2 

44.3 

51.3 

58.7 

64.0 

66.3 

64.6 

59.6 

52.4 

45.2 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVITIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

DIFFUSIVITIES 

SURFACEl INI 

0.010 

0.020 

0.025 

C.  030 

0.040 

24.0 

69.8 

71.6 

72.0 

72.4 

72.8 

48.0 

63.6 

67.2 

68.1 

(8.8 

69.8 

72.0 

58.4 

62.9 

64.2 

65.2 

66.6 

96.0 

54*7 

59.  2 

60.7 

61.8 

63.6 

120.0 

INTEGRATED 
AVERAGE  FROM 

52.5 

56.2 

57.7 

58.9 

60.8 

SURFACE 

TO  10  FT. 

62.0 

65.3 

66.3 

67.1 

68.2 

EARTH  TEMPERATURE  STATION 

TYPE  OF  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PER  1 OC  OF  OBSERVATION 


ST-19 

BURLINGTON, IOWA 
SILTY  LOAM 
CULTI VFTED 

CLIMATOLOGICAL  DATA 

1960-1962 


UBSERVEO  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE (IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

1.0 

30.1 

30.9 

36.9 

56. 1 

71.5 

81.3 

84.7 

86.4 

74.7 

61.0 

43.7 

31.6 

2.2 

29.8 

30.8 

36.9 

56.8 

72.1 

82.5 

86.2 

87.8 

76.  I 

63.1 

44.4 

31.7 

4„0 

30.6 

31.2 

36.8 

55.6 

70.9 

81.2 

85.1 

86.5 

75.7 

62.2 

44.5 

32.2 

8.0 

31.8 

31.4 

35.7 

51.4 

66.2 

75.7 

81.1 

83.7 

74.7 

62.1 

46.1 

34.4 

20.0 

35.2 

33.0 

35.3 

44.9 

58.6 

68.2 

73.1 

75.0 

71.7 

61.7 

48.9 

39.6 

40.0 

41.5 

38.5 

38.4 

43.1 

54.0 

62.  7 

67.7 

71.9 

71.0 

64.2 

54.6 

45.9 

(2.0 

47.2 

43.2 

42.2 

42.8 

47.4 

53.9 

60.5 

65.2 

67.1 

64.4 

59.7 

52.6 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SURFACE! IN)  AVERAGE ( A ) 

SQUARES  ANALYSIS 

AMPLITUDE! B)  PHASE 

ANGLE! P» 

STANDARD 

DEVIATION 

1.0 

57.5 

29.9 

0.61 

3.4 

2.2 

58.3 

30.7 

0.62 

3.3 

4.0 

57.9 

29.8 

C.63 

3.2 

8.0 

56.3 

27.2 

C.  72 

2.8 

20. 0 

53.9 

21.8 

0.88 

2.1 

40.0 

54.6 

17.3 

1.11 

1.9 

72.0 

54.0 

12.5 

1.54 

1.0 

CALCULATED  EARTH  TEMPERATURES  AT  0B5ERVE0  OEPTHSIO 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

1.0 

24.4 

27.5 

37.2 

51.9 

66.8 

78.6 

83.6 

80.6 

70.2 

55.8 

40.5 

29.2 

2.2 

24.8 

27.7 

37.  1 

51.6 

66.3 

78.0 

83.1 

80.4 

70.3 

56.2 

41.1 

29.8 

4.0 

25.5 

28.0 

36.9 

51.0 

65.5 

77.2 

82.5 

80.1 

70.5 

56.7 

41.8 

30.6 

8.0 

26.9 

28.7 

36.7 

49.9 

63.8 

75.4 

81.0 

79.4 

70.7 

57.9 

43.5 

32.4 

20.0 

31.0 

30.9 

36.5 

47.2 

59.4 

70.4 

76.8 

77.1 

71.0 

60.6 

48.0 

37.4 

40.0 

37.4 

35.1 

37.6 

44.6 

53.9 

63.6 

70.4 

72.9 

70.2 

63.2 

53.6 

44.3 

72.0 

45.6 

41.7 

41.1 

43.9 

49.2 

56.1 

62.2 

66.2 

66.9 

64.1 

58.4 

51.8 

!*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  «54.0, 80*30.0, PO-O. 57  ,0*.O19 


EARTH  TEMPERATURE  STATION 


STA-19 


BURLINGTON, IOWA 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  LEPTHS 

FOR  OIFFUSIVI TY»0. 025,  A*  54.0  ,B0»  30.0  AND  P0«  0.57 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! INI 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

31.3 

31.1 

36.6 

47.1 

59.1 

70.  1 

76.5 

77.0 

71.0 

60.7 

48.3 

37.7 

48.0 

37.8 

35.4 

37.7 

44.5 

53.6 

63.1 

69.9 

72.6 

70.1 

63.4 

53.9 

44.7 

72.0 

43.4 

39. « 

39.9 

43.8 

50.2 

58.0 

64.4 

68.2 

68.0 

64.2 

57.4 

49.9 

96.0 

47.7 

43.8 

42.5 

44.2 

48.5 

54.4 

60.0 

64.2 

65.5 

63.7 

59.3 

53.5 

12C.0 

51.0 

47.2 

45.2 

45.4 

47.9 

52.2 

56.8 

60.8 

62.9 

62.6 

59.9 

55.8 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

39.6 

37.5 

39.5 

45.5 

53.7 

62.  1 

68.2 

70.5 

68.3 

62.3 

53.9 

45.8 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVI T I ES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

i 

OIFFUSIVI T  IES 

SURFACE! IN) 

C.010 

0.020 

0.025 

0.030 

0.040 

24.0 

74.5 

76.5 

77.0 

77.3 

77.8 

48.0 

67.5 

71.5 

72.6 

73.4 

74.5 

72.0 

61.6 

66.7 

68.2 

69.3 

70.9 

96.0 

57.3 

62.5 

64.2 

65.5 

67.5 

120.0 

INTEGRATED 
AVERAGE  FROM 

54.7 

59.1 

60.6 

62.2 

64.3 

SURFACE 

TO  10  FT. 

65.  7 

69.4 

70.5 

71.4 

72.7 

1 


EARTH  TEMPERATURE  STATION 

TYPE  Cf  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PERIOD  OF  OBSERVATION 


ST-20 

MANHATTAN. KANSAS 
SILTY  CLAY  LOAM 
BLUE  GRASS 


CLIMATOLOGICAL  DATA 
1940-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MCNTH  OF  YEAR 

DEPTH  BELOW 


SURFACE  I  IN ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

4.0 

29. S 

32.9 

39.6 

51.4 

66.2 

76.5 

80.0 

79.4 

71.0 

60.3 

45.3 

36.0 

'8.0 

42.4 

4C.1 

.  ti 

*»o.  9 

55.0 

64  •  u 

68.3 

70,6 

69.6 

64.  7 

57.0 

49.5 

72.0 

47.3 

44.? 

44.0 

46.6 

52.3 

60.1 

63.5 

66.5 

67.1 

64.4 

59.4 

53.5 

96.0 

51.7 

46.7 

45.2 

46.3 

50.3 

56.7 

59.7 

63.1 

64.3 

63.0 

59.6 

54.3 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 
DEPTH  BELOW 


STANDARD 


*  ACE  I  IN) 

AVERAGE ( A ) 

AMPLITUOEIfi) 

THASE  ANGLE  ( P ) 

DEVIATION 

4.0 

55.6 

25.5 

C.66 

2.1 

48.0 

56.0 

15.5 

1.10 

1.3 

<2.0 

55.8 

11.8 

1.33 

1.1 

9fe  .0 

55.2 

9.4 

1.54 

1.2 

CALCULATEC  FARTH  TEW°FRATURES  AT  OBSERVED  UEPThSCO 

MUNTH  Of  YEAR 

DEPTH  ef.LOW 


SURFACE! INI 

J 

F 

A 

M 

J 

J 

A 

S 

0 

N 

0 

4.0 

TO. 2 

32.0 

19.4 

51.5 

64.2 

74.7 

79.  7 

78.1 

70.0 

58.3 

45.2 

35.2 

48.0 

41.  > 

39.3 

40.8 

46.1 

53.6 

61.8 

67.9 

70.6 

69.  1 

03.8 

56.0 

48.1 

72.0 

46.3 

43.4 

43.0 

45.8 

50.9 

57.3 

62.9 

66.5 

66.9 

64.1 

58.8 

52.5 

96.0 

50.6 

47.0 

45.6 

46.5 

49.7 

54.4 

59.2 

62.9 

64.5 

63.4 

60.1 

55.5 

(•>  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  *SS.0,E0«26.0,PC«0.6l  ,U*.022 


m 


EARTH  TEMPERATURE  STATION 


ST.  -20 

MANHATTAN, KANSA 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  DIFFUSIVITY*0.025,  A«  55.0  ,B0*  26.0  AND  PO*  0.61 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE < IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

35.6 

34.9 

39.3 

48.2 

58.6 

68.4 

74.3 

75.1 

70.3 

61.6 

50.8 

41.5 

46. C 

41.3 

33.3 

40.6 

46 .2 

34.0 

62.3 

68.5 

71.1 

69.2 

63.7 

55.6 

47.5 

72.0 

46.1 

42.8 

42.6 

45.8 

51.3 

57.9 

63.6 

67.2 

67.3 

64.2 

68.4 

52.0 

96.0 

49.9 

46.3 

45.0 

46.3 

49.9 

54.9 

59.9 

63.6 

65.0 

63.6 

59.9 

55.0 

120.0 

52.7 

49.3 

47.4 

47.4 

49.5 

53.1 

57.1 

60.7 

62.6 

62.5 

60.4 

56.8 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

42.8 

40.7 

42.2 

47.2 

54.1 

61.5 

67.0 

69.3 

67.7 

62.7 

55.5 

48.4 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVI TI ES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

0! FFUS IV I  TIES 

SURFACEUN! 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

72.8 

74.6 

75.1 

75.4 

75.9 

48.0 

66.5 

70.1 

71.1 

71.8 

72.8 

72.0 

61.4 

65.8 

67.2 

68.2 

69.6 

96.0 

57.7 

62.1 

63.6 

64.8 

66.5 

120.0 

INTEGRATED 
AVERAGE  FROM 

55.4 

59.2 

60.7 

61.9 

63.8 

SURFACE 

TO  10  FT. 

65.0 

68.  3 

69.3 

70.1 

71.2 

ST-21 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

OATA  SOURCE 


LEXINGTON, KY. 

UNKNOWN 

UNKNOWN 

E.M.FITTON 

REFERENCE!*) 


PERIOD  OF  OBSERVATION 


1922-1927 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.0 

32.7 

35.5 

42.  1 

56.0 

62.8 

74.6 

77.1 

76.7 

73.1 

58.3 

45.6 

39.2 

4.0 

20.4 

17.3 

35.4 

49.8 

55.6 

69.4 

75.4 

74.6 

63.3 

55.8 

37.6 

24.4 

18.0 

36.3 

35.9 

41.5 

52.0 

57.5 

67.8 

70.6 

73.4 

70.2 

59.8 

49.1 

41.1 

36.0 

41.8 

‘‘f'.Z 

4 .  0 

50.3 

56.2 

65.8 

70.5 

73.4 

68.8 

62.0 

53.9 

47.5 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SURFACE! IN)  AVERAGE ! A ) 

SQUARES  ANALYSIS 

AMPLITUDES)  PHASE 

ANGLE  IP) 

STANDARD 

DEVIATION 

3.0 

56.3 

22.6 

C.64 

1.8 

4.0 

48.4 

28.0 

C.  64 

3.5 

18.0 

54.7 

18.8 

C.  79 

1.5 

36.0 

56.3 

15.8 

0.94 

0.8 

EARTH  TEMPERATURE  STATION 


LEXINGTON, KY 


STA-21 


CALCULATED  FARTH  TEMPERATURES  AT  SELtiCTEO  DEPTHS 

FOR  01 FFUS I V I T Y*0.025»  A«  55.0  ,60«  23.0  AMO  P0»  0.60 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACEI IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

37.7 

37.3 

41.3 

49.2 

58.4 

67.0 

72.1 

72.7 

68.4 

60.7 

51.1 

42.9 

48.0 

42.8 

40. ft 

42.3 

47.3 

54.3 

61.6 

67.0 

65.2 

67.5 

62.5 

55.4 

48.3 

72.0 

47.1 

44.2 

44.  1 

46.9 

51.8 

57.7 

62.7 

65.6 

65.8 

63.0 

57.  V 

52.2 

96.0 

50.4 

47.3 

46.2 

47.4 

50.5 

55.0 

59.4 

62.7 

63.8 

62.6 

59.3 

54.9 

120.0 

52.9 

49.7 

/.  O  1 

3 

50.2 

53.4 

56.9 

60.1 

6l.o 

61.6 

59.7 

56.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

44.2 

42.3 

43.7 

4R.2 

54.4 

60.9 

65.7 

67.7 

6b.  1 

61.7 

55.3 

49.0 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVITIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

OIFFUSIVITIES 

SURFACEI IN) 

o.mo 

0.020 

0.025 

C.03C 

0.040 

24.0 

70.7 

72.3 

72.7 

73.0 

73.4 

48.0 

65.2 

68.4 

69.2 

*9.9 

70.7 

72.0 

60.  7 

64.6 

65.6 

66.7 

67.9 

96.0 

5  7.4 

61.4 

62.7 

*3.7 

65.2 

120.0 

INTEGRATED 
AVERAGE  FROM 

55.4 

58.8 

60.  1 

61.1 

62.8 

SURFACE 

TO  10  FT. 

63.9 

66.8 

67.7 

*6.3 

69.3 

EARTH  TEMPERATURE  STATION 


LE  XINGTON* KY 


STA-21 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTEO  OEPTHS 

FUR  01 FFUS I VI TY*0.025»  A*  55.0  ,80*  25.0  ANO  PO*  0.60 

MONTH  OF  YEAR 

DEPTH  BELOW 

SURFACE  (IN)  JF  MAMJJASOND 

24 .0  37.7  37.3  41.3  49.2  58.4  67.0  72.1  72.7  68.4  60.7  51.1  42.9 

43.0  42.8  40.8  42.3  47.3  54.3  61.6  67.0  69.2  67.5  62.5  55.4  48.3 

72.0  47.1  44.2  44.1  46.9  51.8  57.7  62.7  65.8  65.6  63.0  57.9  52.2 

96^0  50.4  47.3  46.2  47.4  50.5  55.0  59.4  62.7  63.8  62.6  59.3  54.9 

120.0  52.9  49.9  48.3  48.3  50.2  53.4  56.9  60.1  61.8  61.6  59.7  56.6 

INTEGRATED 
AVERAGE  FROM 

SURFACE  44.2  42.3  43.7  48.2  54.4  60.9  65.7  67.7  66.1  61.7  55.3  49.0 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVITIES 
AND  SELECTEO  DEPTHS 


OEPTH  BELOW 

DIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

C.030 

0.040 

24.0 

70.7 

72.3 

72.7 

73.0 

73.4 

48.0 

65.2 

68.4 

69.2 

69.9 

70.7 

72.0 

60.7 

64.6 

65.8 

66.7 

67.9 

96.0 

57.4 

61.4 

62.  7 

13.7 

65.2 

120.0 

INTEGRATED 
AVERAGE  FROM 

55.4 

58.8 

60.1 

61.1 

62.8 

SURFACE 

TO  10  FT. 

63.9 

66#  8 

67.7 

68.3 

69.3 

ST-22 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

T/PE  CF  EARTH  SURFACE 

DATA  PROCESSED  HY 

DATA  SOURCE 


LEXINGTON. KY 
SILTY  CLAY 
SOL 

E.B. PENROD 
RE  FERENCE (8.9! 


PER  IOC  OF  06SERVAT ION 


1952-1956 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACE! INI 

J 

F 

¥ 

A 

M 

J 

J 

A 

S 

0 

N 

0 

0. 

37.2 

40.1 

46.7 

56.2 

68.7 

79.  1 

82.6 

78.6 

73.1 

60.4 

45.6 

38.5 

24.0 

42.1 

42.0 

46.0 

51.6 

60.8 

69.4 

74.5 

74.6 

72.2 

64.7 

53.9 

45.5 

48.0 

48.6 

46.4 

47.0 

49.6 

54.9 

61.5 

67.0 

69.5 

69.4 

66.5 

60.6 

54.0 

72.0 

50.8 

48.0 

47.5 

49.4 

53.6 

59.4 

64.5 

67.6 

68.3 

66.  4 

61.8 

56.0 

96.0 

54.0 

50.8 

48.9 

49.8 

52.4 

56.7 

61.2 

64.4 

66.3 

65.7 

63.0 

58. 8 

120.0 

56.4 

53.5 

51.0 

50.7 

52.0 

55.1 

58.8 

61.9 

64.1 

64.5 

63.2 

60.3 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SURFACE ( IN  I  AVER AGF ( A  I 

SQUARES  ANALYSIS 

AMPLiruoeifii  phase 

ANGLE! PI 

STANDARD 

deviation 

0. 

59.0 

23.2 

C.  56 

3.0 

24.0 

58.2 

17.2 

0.  85 

2.0 

48.0 

58.0 

12.0 

1.26 

1.6 

72.0 

57.8 

10.6 

1.42 

1.3 

96.0 

57.  7 

8.7 

1.68 

1.3 

120.0 

57.6 

7.0 

1.94 

1.2 

CALCULATEC  EARTH  TEMPERATURES  AT  OBSERVED  CEPTHSIO 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACE ! IN ) 

J 

F 

H 

A 

M 

J 

J 

A 

S 

0 

N 

0 

0. 

36.5 

37.0 

42.7 

52.8 

64.0 

74.0 

79.4 

79.1 

72.9 

63.0 

51.4 

41.9 

24. U 

42.2 

AO. 6 

43.3 

50.1 

58.8 

67,6 

73.6 

75.4 

72.5 

65.  7 

56.  7 

49.3 

;a.o 

47.2 

4A.3 

44.9 

49.1 

55.5 

62.8 

6ft. 6 

71.7 

7T.0 

66.  ft 

60.2 

53.1 

72.0 

51.2 

47.0 

47.0 

49.2 

53.6 

59.3 

64.6 

68.2 

oft. 9 

66 . 8 

62.1 

56.6 

96.0 

54.3 

50.9 

49.1 

50.0 

52.8 

57.  1 

61.5 

65.1 

66.7 

66.0 

63.  1 

5ft. 9 

120.0 

56.6 

53.4 

51  5 

51.1 

52.7 

55.7 

59.2 

62.6 

64.6 

64.8 

63.2 

60.3 

{•»  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  «5ft.Q,ft0-22.Q.PC«0. 75  .0-.027 


FARTH  TEMPERATURE  STATION 


LEXINGTON. KY 


STA-22 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 


FOR  Di 

FFUSIVI!  Y: 

=0.025 

>.  A 

=  58.1 

0  •  BO- 

=  22.1 

0  AND 

PO* 

0.75 

MONTH 

OF 

YEAR 

OEPTH  BELOW 

SURFACE  UN  i  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0  42.5 

40.7 

43.3 

50.0 

58.7 

67.4 

73.3 

75.3 

72.4 

65.8 

56.9 

48.5 

48.0  ;7.5 

44.6 

45.1 

49.0 

55.3 

62.5 

68.2 

71.4 

70.8 

66.9 

60.4 

53.4 

72.0  51.6 

48.2 

47.3 

49.2 

53.4 

59.0 

64.1 

67.8 

68.7 

66.7 

62.3 

56.9 

96.0  54.7 

51.3 

49.7 

50.  1 

52.7 

56.8 

61.1 

64.6 

66.4 

65.8 

63.1 

59.2 

120.0  57.0 

53.9 

51.9 

51.4 

52.7 

55.5 

58.9 

62.1 

64.2 

64.6 

63.2 

60.4 

INTEGRATED 

AVERAGE  FROM 

SURFACE  48.7 

46.1 

46.5 

50.0 

55.6 

62.0 

67.1 

69.9 

69.4 

65.9 

60.  1 

53.9 

TO  10  FT. 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSI VITIES 
AND  SELECTED  DEPTHS 

DEPTH  BELOW  0 1 FFUSIV I  TIES 


SURFACE! IN) 

0.010 

0.020 

* 

0.025 

0.030 

0.040 

24.0 

73.0 

74. 

75.3 

75.6 

76.1 

48.0 

67.2 

70.5 

71.4 

72.1 

73.0 

72.0 

62.7 

66.  6 

67.8 

68.7 

70.0 

96.0 

59.6 

63.4 

64.6 

65.7 

67.2 

120.0 

INTEGRATED 

AVERAGE  FROM 

57.9 

60.9 

62.1 

63.1 

64.8 

SURFACE 

TO  10  FT. 

66.1 

69.0 

69.9 

70.6 

71.6 

I 

i 


i 

i 

«, 

r 

) 

? 


i 

i 


i 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PERIOC  OF  OBSERVATION 


ST-23 

UPPER  MARLBORO* MD. 

SANDY  LOAM 

BARE 

US  WEATHER  R.C. 
1960-196? 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURE S 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE ( IN ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

2.0 

33.0 

37.0 

40.0 

53.0 

67.0 

74.5 

77.0 

78.0 

73.5 

58.0 

43.3 

34.0 

3.9 

33.0 

36.5 

40.0 

53.0 

66.5 

74.5 

77.0 

7B.0 

74.5 

58,7 

44.3 

34.7 

7.8 

34.0 

37.0 

41.  G 

53.0 

67.5 

73.0 

76.5 

77.5 

74.5 

59.7 

46.0 

36.0 

19.7 

35.5 

36.5 

40.0 

52.0 

66.5 

72.5 

75.5 

76.5 

74.5 

60.7 

48.0 

38.3 

39.4 

38.5 

36.5 

39.0 

48.0 

60.5 

67.0 

70.0 

72.0 

71.0 

62.7 

52.7 

43.5 

59.1 

42.5 

39.0 

40.0 

47.0 

58.0 

64.0 

67.0 

69.5 

69.5 

64.3 

56.0 

48.0 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACEIIN) 

AVERAGE ( A) 

AMPLITUDE ( B ) 

PHASE  ANGLEIP) 

STANDARD 

DEVIATION 

2.0 

55.8 

24.1 

C.  60 

2.9 

3.9 

55.9 

24.1 

0.62 

2.9 

7.8 

56.4 

23.2 

C.64 

2.8 

19.7 

56.5 

22.2 

0.70 

2.4 

39.4 

55.3 

18.3 

C.90 

2.0 

59.1 

55.6 

15.5 

1.05 

1.9 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

2.0 

31.4 

34.1 

42,2 

54.4 

66.7 

76,5 

80.5 

78.0 

69.3 

57.4 

44.7 

35.4 

3.9 

31.8 

34.3 

42.1 

54.1 

66.2 

76.0 

80.1 

77.8 

69.4 

57.7 

45.2 

35.9 

7.8 

32.6 

34.6 

41.9 

53.4 

65.2 

74.9 

79.3 

77.4 

69.6 

58.4 

46.2 

37.0 

19.7 

35.1 

35.9 

41.6 

51.6 

62.5 

71.9 

76.8 

76.2 

70.0 

60.2 

49.0 

40.0 

39.4 

38.9 

38.1 

41.8 

49.5 

58.7 

67.4 

72.9 

73.9 

69.9 

62.4 

52.9 

44.5 

59.1 

42.5 

40.6 

42.5 

48.2 

55.8 

63.7 

69.3 

71.4 

69.3 

63.7 

55.8 

48.2 

(*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  -'56.0*80*25.0, P0=0. 56  ,D*.038 


EARTH  TEMPERATURE  STATION 


STA-23 

UPPER  MARLBORO, MD. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  D!FFUSIVITY=0.025,  A*  56.0  ,B0*  25.0  AND  P0=  0.56 

MONTH  OF  YEAR 

DEPTH  BELOW 

SURFACE!  IN)  JFMAMJJASOND 

24.0  37.0  36.9  41.6  50.4  60.5  69.6  74.8  75.1  70.0  61.4  51.0  42.3 

48.0  42.5  40.5  42.5  48.2  55.8  63.7  69.3  71.5  69,3  63.7  55.8  48.1 

72.0  47.0  44.1  44.3  47.5  53.0  59.4  64.7  67.8  67.7  64.4  58.7  52.5 

96.0  50.7  47.4  46.4  47.9  51.5  56.4  61.1  64.5  65.6  64.1  60.3  55.5 

120.0  53.4  50.3  48.6  48.9  51.0  54.5  58.4  61.7  63.4  63.1  60.9  57.4 

INTEGRATED 
AVERAGE  FROM 

SURFACE  43.9  42.2  44.0  49.1  55.9  62.9  67.9  69.8  67.8  62.8  55.8  49.0 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVITIES 
AND  SELECTED  DEPTHS 

OEPTH  BELOW  DIFFUSIVITIES 


SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

73.0 

74.7 

75.1 

75.4 

75.8 

48.0 

67.3 

70.6 

71.5 

72.1 

73.0 

72.0 

62.4 

66.  6 

67.8 

68.8 

70.1 

96.0 

58.8 

63. 1 

64.5 

65.6 

67.3 

120.0 

56.6 

60.3 

61.7 

62.9 

64.7 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

65.  7 

68.8 

69.8 

70.5 

71.5 

TO  10  FT. 


ST- 24 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


EAST  LANSING, MICH. 

CLAY 

UNKNOWN 

E.  KFITTON 

REFERENCED) 


PER i 00  OF  OBSERVATION 


19 il-1915 


OBSERVEO  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


UEPTH  BELOW 
SURF AC  E l IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

2.0 

31.9 

32.1 

33.9 

54.4 

57.4 

67.8 

74.4 

69.4 

66.7 

52.9 

41.1 

32.3 

4.0 

32.0 

32.3 

33.7 

52.0 

55.3 

65.5 

71.6 

68.2 

65.5 

52.3 

41.2 

33.0 

6.0 

31.3 

30.9 

33.2 

45.7 

57.2 

68.8 

73.8 

70.5 

64.8 

52.8 

41.2 

34.4 

12.0 

32.7 

31.7 

32.9 

42.3 

55.5 

67.0 

72.2 

70.2 

64.6 

53.5 

42.2 

36.6 

18.0 

34.2 

32.8 

33.3 

41.5 

54.2 

65.3 

70.9 

69.8 

64.9 

55.  1 

43.9 

38.2 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 
SURFACE! IN) 

AVERAGF(A) 

AMPLITUDE { B )  PHASE 

ANGLE ! P ) 

STANDARD 

DEVIATION 

2.0 

51.3 

21.8 

C.62 

3.0 

4.0 

50.3 

20.5 

C  .  66 

2.6 

6.0 

50.5 

22.1 

0.69 

1.8 

12.0 

50.2 

20.9 

C.  77 

2.1 

18.0 

50.4 

19.8 

C.83 

2.0 

EARTH  TEMPERATURE  STATION 


STA-24 

EAST  LANSING'MICH. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DIFFUSIVITY*0.025,  A«  50.0  #B0»  24.0  AND  PO*  0.60 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

32.0 

31.5 

35.7 

43.9 

53.5 

62.5 

67.9 

68.5 

64.0 

55.9 

46.0 

37.4 

48.0 

37.3 

35.1 

36.7 

42.0 

49.2 

56.9 

62.5 

64.9 

63.1 

57.9 

50.4 

43.0 

72.0 

41.7 

38.7 

38.6 

41.6 

46.7 

52.8 

58.1 

61.3 

61.3 

50.4 

53.1 

47.1 

96.0 

45.2 

42.0 

40.8 

42.0 

45.3 

50.0 

54.6 

58.0 

59.2 

57.9 

54.4 

49.9 

120.0 

47.8 

44.7 

43.0 

43.0 

45.0 

48.3 

52.0 

55.3 

57.1 

56.9 

54.9 

51.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

38.7 

36.8 

38.2 

42.9 

49.3 

56.1 

61.1 

63.2 

61.6 

57.0 

50.3 

43.8 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVITIES 
AND  SELECTED  OEPTHS 


DEPTH  BELOW 

DIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

C.  030 

0.040 

24.0 

66.4 

68.  1 

68.5 

68.8 

69.2 

48.0 

60.7 

64.0 

64.9 

65.5 

66.4 

72.0 

55.9 

60.1 

61.3 

62.2 

63.5 

96.0 

52.5 

56.6 

58.0 

59.1 

60.7 

120.0 

INTEGRATED 
AVERAGE  FROM 

50.4 

53.9 

55.3 

56.4 

58.1 

SURFACE 

TO  10  FT. 

59.3 

62.3 

63.2 

€3.9 

65.0 

EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PERIOD  OF  OBSERVATION 


ST-25 

EAST  LANSING,M!CH. 

GRAVEL 

UNKNOWN 

E.P.FITTON 

REFERENCE! A ) 

1911-1915 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  year 


depth  BELOW 


SURFACE! INI 

J 

F 

M 

A 

M 

J 

J 

A 

S 

C 

M 

D 

2.0 

31.8 

3  2,7 

34.3 

56.2 

58.5 

69.8 

75.7 

70.5 

67.7 

53.7 

41.4 

32.3 

A  .0 

32.3 

32.7 

34.4 

54.8 

57.8 

67.9 

74.2 

69.4 

66.7 

53.6 

41.7 

33.0 

6.0 

31.2 

31.0 

33.6 

47. 6 

58. A 

70.4 

75.0 

71.5 

65.4 

5?. 2 

40.9 

34.2 

12.0 

32.1 

31. A 

33.5 

44.0 

56.6 

68.7 

73.6 

71.0 

64.7 

53.6 

41.6 

35.8 

la.o 

33.7 

32.  R 

33.7 

42.8 

55.0 

66.8 

72.2 

70.4 

64.9 

54.6 

43.1 

37.6 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 
SURFACE! IN) 

AVERAGE (A) 

AMPLITUDES)  PHASE 

ANGLE (P) 

STANDARD 

DEVIATION 

2.0 

52.1 

22.6 

C.  61 

3.2 

4.0 

51.6 

21.5 

0.62 

2.T 

6.0 

51.1 

22.7 

C  .  66 

1.0 

12.0 

50.7 

21.7 

0.72 

2.0 

18.0 

50.7 

20.3 

C.  79 

2.0 

EARTH  TEMPERATURE  STATION 


STA-25 

EAST  LANSING, MICH. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DlFFUSlVl TY-0.025,  A*  51.0  ,B0«  24. C  AND  P0»  0.59 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

32.9 

32.6 

36.8 

45.1 

54.7 

63.6 

68.9 

69.5 

64.9 

56.7 

46.8 

38.2 

48.0 

38.2 

36.1 

37.8 

43.1 

5G.4 

58.0 

63.6 

65.9 

64.0 

58.7 

51.2 

43.9 

72.0 

42.6 

39.7 

39.6 

42.6 

47.8 

53.9 

59.1 

62.3 

62.3 

59.3 

53.9 

48.0 

96.0 

46.1 

42.9 

41.8 

43.1 

46.4 

51.1 

55.7 

59.0 

60.2 

58.9 

55.4 

50.8 

120.0 

48.7 

45.6 

44.0 

44.  1 

46.0 

49.4 

53.1 

56.3 

58.1 

57.9 

55.8 

52.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

39.6 

37.8 

39.3 

44.0 

50.5 

57.3 

62.2 

64.2 

62.6 

57.9 

51.2 

44.6 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVITIES 
AND  SELECTED  DEPTHS 


OEPTH  BELOW 

D IFFUS1V1 TIES 

SURFACEI IN) 

O.O’O 

0.020 

0.025 

0.030 

0.040 

24.0 

67.4 

69.1 

69.5 

69.8 

70.2 

48.0 

61.7 

65.0 

65.9 

66.5 

67.4 

72.0 

57.0 

61.1 

62.3 

63.2 

64.5 

96.0 

53.6 

57.7 

59.0 

60.1 

61.7 

120.0 

INTEGRATED 
AVERAGE  FROM 

51.5 

55.0 

56.3 

57.4 

59.2 

SURFACE 

10  10  FT. 

60.3 

63.  3 

64.2 

64.9 

65.9 

EARTH  TEMPERATURE  STATION 

TYPE  OF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

OATA  SOURCE 

PERIOD  OF  OBSERVATION 


ST-26 

EAST  LANS! NGf MICH. 

LOAM 
UNKNOWN 
E.P.FITTON 
REFERENCED  I 

191  A- 1916 


OBSERVED  MCNTHIY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

2.0 

31.3 

31.5 

33.3 

55.2 

57.0 

67.9 

73.4 

68.5 

67.2 

53.4 

41.0 

32.5 

4.0 

32.0 

32.1 

33.9 

53.0 

56.4 

66.4 

72.8 

68.1 

65.9 

52.8 

41.4 

33.6 

6.0 

JO. 8 

30.4 

32.6 

45.4 

57.0 

68.9 

74.0 

70.6 

64.8 

52.6 

40.7 

34.2 

12.0 

32.7 

11.7 

32.5 

42.0 

55.5 

67.6 

73.0 

70.9 

65.1 

54.1 

42.4 

36.7 

14. 0 

34.5 

33.1 

33.1 

40.8 

53.1 

64.3 

70.2 

69.3 

64.5 

55.1 

44.0 

38.6 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE! IN) 

AVERAGE ( A ) 

AMPLITUDE! B) 

PHASE  ANGLE (P) 

STANDARD 

DEVIATION 

2.0 

51.1 

21.8 

C.63 

3.3 

4.0 

50.8 

20.8 

0.64 

2.7 

6.0 

50.  3 

22.4 

C.69 

1.8 

12.0 

50.5 

21.4 

0.78 

2.3 

18.0 

50.2 

19.4 

C.86 

2.1 

EARTH  TEMPERATURE  STATION 


STA-26 

EAST  LANSING* MICH. 


CALCULATED  FARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DIFFUS I VI TY«0.025*  A>  50.0  *60«  24. C  AND  P0»  0.60 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

32.0 

31.5 

35.7 

43.9 

53.5 

62.5 

67.9 

68.5 

64.0 

55.9 

46.0 

37.4 

48.0 

37.3 

35.1 

36.7 

42.0 

49.2 

56.9 

62.5 

64.9 

63.1 

57.9 

50.4 

43.0 

72.0 

A 1. 7 

38.7 

38.6 

41.6 

46.7 

52.8 

58.1 

61.3 

61.3 

58.4 

53.1 

47.1 

96.0 

45.2 

42.0 

40.8 

42.0 

45.3 

50.0 

54.6 

58.0 

59.2 

57.9 

54.4 

49.9 

120.0 

47.8 

44.7 

43.0 

43.0 

45.0 

48.3 

52.0 

55.3 

57.1 

56.9 

54.9 

51.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

38.7 

36.8 

38.2 

42.9 

49.3 

56.1 

61.1 

63.2 

61.6 

57.0 

50.3 

43.8 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  Of FFUSI VI  TIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

OIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

66.4 

68.1 

68.5 

68.8 

69.2 

48.0 

60.7 

64.0 

64.9 

65.5 

66.4 

72.0 

55.9 

60.1 

61.3 

62.2 

63.5 

96.0 

52.5 

56.6 

58.0 

59.1 

'0.7 

120.0 

INTEGRATED 
AVERAGE  FROM 

50.4 

53.9 

55.3 

56.4 

58.1 

SURFACE 

TO  10  FT. 

59.3 

62.3 

63.2 

63.9 

65.0 

EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  FARTH  SURFACE 

DATA  PROCESSED  BY 

OATA  SOURCE 


ST-27 

EAST  LANSING.MICH. 

PEAT 

UNKNOWN 

E.M.F’TTON 

REFERENCE!*) 


PER  IOC  OF  OBSERVATION  1911-1915 


OBSERVEO  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

2.0 

32.0 

31.9 

31.9 

*9.9 

56.7 

67.5 

7*. 2 

69.* 

6  ,9 

52.9 

*0.5 

33.3 

4.0 

31.9 

31.7 

31.6 

*6.6 

55.0 

6*.6 

71.5 

67.5 

6*.  7 

51.5 

AO.  7 

3*.0 

6.0 

30.8 

30.* 

31.* 

*1.1 

56.8 

68.5 

73.9 

71.0 

65.1 

52.9 

AO.  9 

3*. 7 

12.0 

32.6 

31.6 

31.9 

38.6 

5*.  7 

66.9 

72.1 

71.3 

65.6 

5*.  8 

*2.8 

36.6 

18.0 

35.2 

33.7 

33.4 

37.8 

53.2 

6*. 5 

70.8 

70.3 

65.6 

56.* 

*5.2 

39.2 

RESllTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE! IN) 

AVERAGE ( A ) 

AMPLITUDE  IB) 

phase  angle <p> 

STANDARD 

DEVIATION 

2.0 

50.7 

21.9 

C.68 

2.7 

4.0 

*9.4 

20.5 

0.71 

2.2 

6.0 

49.9 

22.6 

C.  74 

2.5 

12. C 

50.1 

21.5 

0.83 

2.6 

18.0 

50.5 

19.7 

C.90 

2.6 

EARTH  TEMPERATURE  STATION 


STA-27 

EAST  LANSING.MICH. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  OlFFUS IV! TY«0«025t  A«  50.0  ,B0»  24. C  ANO  P0«  0.60 

MONTH  OF  YEAR 

DEPTH  *ELOM 


SURFACE! IN? 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

32.0 

31.5 

35.7 

43.9 

53.5 

62.5 

67.9 

68.5 

64.0 

55.9 

46.0 

37.4 

48.0 

37.3 

35.1 

36.7 

42.0 

49.2 

56.9 

62.5 

64.9 

63.1 

57.9 

50.4 

43.0 

72.0 

41.7 

38.7 

38.6 

41.6 

46.7 

52.8 

58.1 

61.3 

61.3 

58.4 

53.1 

47.1 

96.0 

45.2 

42.0 

40.8 

42.0 

45.3 

50.0 

54.6 

58.0 

59.2 

57.9 

54.4 

49.9 

120.0 

47.8 

44.7 

43.0 

43.0 

45.0 

48.3 

52.0 

55.3 

57.1 

56.9 

54.9 

51*6 

integrated 

AVERAGE  FROM 

SURFACE 

38.7 

36.8 

38.2 

42.9 

49.3 

56.1 

61.1 

63.2 

61.6 

57.0 

50.3 

43.8 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUS1VI TIES 
ANO  SELECTED  DEPTHS 


DEPTH  BELOm 

C* 

FFUSIVITIES 

SURFACE  1  In  5 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

66.4 

68.1 

68.5 

68.8 

\  69.2 

48.0 

60.7 

64.0 

64.9 

65.5 

66.4 

72.0 

55.9 

60.  1 

61.3 

62.2 

63.5 

96.0 

52.5 

56.6 

58.0 

59.1 

60.7 

120.0 

INTEGRATED 
AVERAGE  FROM 

50.4 

53.9 

55.3 

56.4 

58.1 

SURFACE 

TO  10  FT. 

59.3 

62.  3 

63.2 

63.9 

65.0 

EARTH  TEMPERATURE  STATION 

TYPE  CE  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

OATA  SOURCE 

PERIOD  OF  OBSERVATION 


ST-28 

EAST  LANSINGtMICM. 

SAND 
UNKNOWN 
E.M.FITTON 
REFERENCE (4 » 

1911-1915 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


depth  below 
SURFACEI IN) 

J 

F 

M 

MONTH 

A 

1  OF  YEAR 

M  J 

J 

A 

S 

0 

N 

D 

2.0 

30.6 

32.2 

34.3 

56.2 

58.7 

70.0 

76.2 

70.8 

68.2 

54.1 

41.1 

30.2 

4.0 

31.3 

32.7 

34.5 

54.4 

58.1 

68.6 

75.0 

70.0 

67.4 

54.0 

41.5 

31.8 

6.0 

30.5 

30.5 

33.6 

47.7 

58.5 

69.9 

74.5 

71.4 

65.3 

53.0 

40.5 

33.8 

12.0 

32.2 

31.4 

33.4 

42.9 

56.3 

67.8 

72. « 

70.7 

64.5 

53.6 

41.9 

36.0 

18.0 

34.3 

33.0 

33.9 

42.5 

54.4 

65.5 

71.1 

69.9 

64.8 

55.0 

43.8 

38.3 

rfsllts  of  LEAS! 

DEPTH  BELOW 

SURFACE! INS  AVERAGE C A) 

SQUARES  ANALYSIS 

AMPLITUDES)  PHASE 

ANGLE! P) 

STANDARD 

OBVIATION 

2.0 

52.0 

23.3 

C.60 

3.2 

4.0 

51.7 

22.2 

0.62 

2.8 

6.0 

50.9 

22.8 

C.66 

1.6 

12.0 

SC. 4 

21.4 

0.74 

2.0 

18.0 

50.6 

19.7 

C.82 

1.9 

K-AQTH  TJ>PE:«ATU*<1  STATION 

| 
i 

i 

j 

j 


STA-28 

MST  LANSING. *lCH. 


CALCULATED  EARl'H 

TEMPERATURES  AT 

SELECTED 

DEPTHS 

Ft)R  DIFFUSiVITY 

DEPTH  BELOW 

=0.025,  A 

MONTH  OF 

=  50.0 

YEAR 

,Bn 

=  24. 

c  and 

P0  = 

0.60 

SURFACE  (  IN)  J 

f 

y 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0  )2.0 

31.6 

15.7 

4  3.9 

53.5 

62.5 

67.9 

60.5 

64.0 

35.9 

46.0 

37.4 

48.0  37.3 

35.1 

16.7 

42.0 

49.2 

56.9 

62.5 

6*.  9 

63.  1 

5  7.9 

50.4 

43.0 

72.0  4  1.7 

38.7 

18.6 

41.6 

46.7 

52.8 

58.1 

61.3 

61.3 

58.4 

53.1 

47.1 

96.0  45.2 

42.0 

40.8 

42.0 

45.3 

50.0 

54.6 

58.0 

59.2 

57.9 

54.4 

49.9 

120.0  47.8 

1,'JTEC.  rated 

AVERAGE  FRO '3 

44.7 

43.0 

43.0 

45.0 

43.3 

52.0 

55.3 

57.1 

56.9 

54.9 

5.1.6  j 

j 

SURFACE  38.7 

r r;  it  ft. 

16.8 

38.2 

42.9 

49.3 

56.  1 

61.1 

63.  ? 

61.6 

57.0 

50.  3 

41.3 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT 
AND  SELECTED  DEPTHS 

UEPTH  BELOW  Df FFUSIVI T  IES 

SELECTED 

DIFFUSIVITIES 

5 

i 

1 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

j 

24,0 

66.4 

68.  1 

68  •  j 

LB. 8 

69.2 

48.0 

60.  7 

64.0 

64.9 

65.5 

66.4 

I 

72.0 

55.9 

60.  1 

61.3 

62.2 

63.5 

i 

96.0 

52.5 

56.6 

58.0 

59.1 

60.7 

I 

120.0 

integrated 

AVERACE  FROM 

5C.4 

51.9 

55.3 

56.4 

58.1 

i 

? 

I 

SURFACE 

TO  10  FT. 

59.1 

62.  1 

63.2 

63.9 

65.0 

5 


EARTH  temperature  station 

IYPfc,CF  SOIL 

TYPE  OF  EARTH  SURFACE 

OATA  PROCESSED  BY 

DATA  SOURCE 

PERIOC*Of  OBSERVATION 


ST-29 

ST. PAUL, MIN'4. 

SILT  LOAM 
SOC 

CLIMATOLOGICAL  DATA 
19fc 1-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  HE  LOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

0.4 

25.9 

28.3 

32.8 

43.4 

64.3 

74.0 

77.3 

76.4 

64.7 

54.  3 

38.0 

31.8 

1.9 

26.  1 

2  7.9 

32.2 

41.8 

63.1 

75.0 

76.9 

75.9 

64.8 

54.5 

38.3 

32.1 

3.9 

26.6 

27.8 

31.8 

39,  7 

60.7 

72.6 

75.2 

74.6 

64.5 

54.5 

38.8 

32.  1 

7.9 

27.4 

27.8 

31,4 

34.2 

56.6 

68.0 

72.3 

71.8 

63.4 

53.8 

39.3 

34.2 

15.7 

29.9 

30.8 

31.1 

34.0 

52.9 

63.7 

68.2 

69.5 

63.3 

54.4 

41.7 

35.8 

U.5 

33.3 

30.7 

32.0 

33.4 

48.3 

58.9 

65.7 

68.4 

63.6 

56.2 

43.6 

39.  t 

47.2 

37.8 

35.5 

34.1 

34.5 

45.2 

55.3 

62.5 

64.8 

63.  1 

57.1 

48.6 

41.9 

62.9 

39.5 

37.0 

35.3 

35.2 

43.0 

52.7 

60.1 

62.9 

62.4 

57.4 

50.3 

43.8 

125.9 

45.8 

43.2 

40.9 

40.  1 

40.7 

45.7 

51.4 

55.6 

57.7 

56.6 

53.3 

4  )  •  5 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 

standard 

SURFACE! IN) 

AVERAGE (A) 

AMPLITUDEIB)  PHASE 

ANGLE! P) 

DEVIATION 

0.4 

51.0 

26.5 

C.64 

2.9 

1.9 

50.9 

26.6 

0.65 

3.1 

3.9 

50.  1 

25.6 

C.  70 

3.1 

7.9 

48.5 

23.6 

0.78 

3.6 

15.7 

48.3 

20.9 

C.84 

2.8 

31.5 

47.9 

19.1 

1.02 

2.7 

47.2 

48.5 

16.0 

1.15 

1.9 

62.9 

48.4 

14.4 

1.27 

1.7 

125.9 

48.4 

8.8 

1.77 

1.0 

CALCULATEC  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 
MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE  I  IN ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

□ 

N 

D 

0.4 

2  3.3 

25.0 

32.4 

44.5 

57.1 

67.6 

72.6 

71.1 

63.1 

51.3 

38.3 

28.2 

1.9 

23.6 

25,2 

32.4 

44.2 

56.7 

67.2 

72.3 

70.9 

63.1 

51.6 

38.7 

28.7 

1  j9 

24.1 

25.5 

32.3 

43.8 

56.1 

66.6 

71.8 

70.6 

63.2 

51.9 

39.3 

29.3 

7.9 

25.1 

26.0 

32.3 

43.2 

55.0 

65.4 

70.8 

70.  1 

63.3 

52.6 

40.4 

30.5 

15.7 

27.0 

27.0 

32.2 

42.0 

53.1 

63.1 

66.8 

69.0 

63.4 

53.8 

42.4 

32,7 

31.5 

30.7 

29.3 

32.6 

40.3 

49.8 

59.1 

65.1 

66.7 

63.1 

55.6 

45.7 

36.8 

47.2 

34.0 

31.7 

33.5 

39.3 

47.2 

55.7 

61.8 

64.3 

62.3 

56.6 

48.3 

40.2 

62.9 

37.0 

34.0 

34.6 

38.8 

45.4 

52,8 

58.8 

62.0 

61.3 

57.1 

50.3 

43.1 

123.9 

45.5 

42.0 

40.2 

40.  Z 

42.5 

46.2 

50.3 

53.9 

55.9 

55.7 

53.4 

49.7 

(*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  *48.0,80=25.0, PC*0. 65  ,0=.031 


EARTH  TEMPERATURE  STATION 


STA -29 

ST, PAUL, MINN. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 


FOR  OIFFUS I V I TY= 

'0.025 

,  A 

=  48. ( 

3  ,80' 

'  25. 

0  AND 

PO* 

0.65 

OEPTH  BELOW 

MONTH 

1  OF 

YEAR 

SURF ACE  I I N )  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

U 

24.0  29.6 

28.6 

32.5 

40.7 

50.7 

60.  3 

66.3 

67.4 

63.2 

55.1 

44.8 

35.6 

48.0  35.2 

32.6 

33.9 

39.0 

46.4 

54.5 

60.6 

63.4 

62.0 

56.8 

49.2 

41.4 

72.0  39.8 

36.4 

36.0 

38.8 

43.9 

50.  3 

55.9 

59.5 

59.9 

57.1 

51.8 

45.6 

96.0  43.4 

39.9 

38.4 

39.5 

42.7 

47.6 

52.3 

56.1 

57.6 

56.5 

53.0 

48.4 

120.0  46.1 

INTEGRATED 
AVERAGE  FROM 

42.7 

40.8 

40.7 

42.5 

45.9 

49.7 

53.2 

55.3 

55.3 

53.4 

50.1 

SURFACE  36.6 

TO  10  FT. 

34.3 

35.4 

40.0 

46.6 

53.8 

59.2 

61.7 

60.4 

55.9 

49.0 

42.1 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSI VI  TIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

CIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

C.  030 

0.040 

24.0 

65.1 

67.0 

67.4 

67.8 

68.3 

48.0 

58.9 

62.5 

63.4 

64.1 

65.1 

72.0 

53.9 

58.3 

59.5 

60.5 

61.9 

96.0 

50.4 

54.  7 

56.  1 

57.2 

58.9 

120.0 

INTEGRATED 
AVERAGE  F«UM 

48.3 

51.8 

53.2 

54.4 

56.2 

SURFACE 

TO  10  FT. 

57.5 

60.  7 

61.7 

62.5 

63.6 

STATE  UNIV.MISS 

CLAY 

BARF 


ST- 10 


EARTH  TEMPFRATURf  STATION 

TYPE  CF  SOIL 

TYPE  C F  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


CLIMATOLOGICAL  DATA 


PERIOD  OF  OBSERVATION 


1960-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF 

YEAR 

DEPTH  BELOW 
SURFACE! IN) 

J 

F 

M 

/ 

)  M 

J 

1 

s. 

A 

S 

U 

N 

D 

2.0 

49.4 

6*5.0 

54.2 

65.1  B3.0 

85.2 

89.5 

87.9 

82.5 

72.3 

48.8 

4.0 

44.  1 

53.1 

66.6 

63.1  76.3 

79.  7 

85.7 

86.8 

82.3 

72.7 

57.  1 

47.4 

8.0 

46.4 

53.2 

55.5 

62.1  75.3 

7  9.4 

82.8 

83.9 

7?o9 

70.0 

54.9 

43.9 

16.0 

46.4 

53.  •» 

53.2 

61.8  74.4 

80.  I 

84.3 

84.2 

81.0 

72.8 

51.4 

P.FSLLTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELCW 
SURFACE! IN) 

AVERAGr ( A  ) 

AMPLITUDEIB)  PHASE 

ANGLE ( P ) 

ST  ANDARD 
DEVIATION 

2.0 

69.5 

21.0 

C.  60 

3.1 

4.0 

67.5 

20.5 

0.66 

4.0 

8.0 

66.  3 

IB. 8 

t.64 

3.  1 

lfc.0 

67.2 

18.7 

0.74 

2.1 

£  A  r<  T  H  TEMPERATURE  STATION 


STA-30 


STATE  UNIV.MISS. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CE°THS 

TOR  DIFFUSIVI TY*0.025,  A*  67.0  ,80*  21. t  AND  PO  =  0.58 

MONTH  OF  YEAR 

DEPTH  HELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

j 

J 

A 

S 

U 

N 

D 

24.0 

*51.1 

50.9 

54.7 

62.0 

70.4 

78.2 

82.  7 

83.1 

79.0 

71.9 

63.2 

55.7 

48.0 

55.7 

54.0 

55.5 

60.2 

66.6 

73.3 

78.1 

80.0 

78.3 

73.7 

67.1 

60.6 

72.0 

59.6 

57.1 

57.1 

59.8 

64.3 

69.  7 

74.2 

76.9 

76.8 

74.2 

69.5 

64.2 

96.0 

62.7 

59.0 

58.9 

60.1 

63.1 

67.2 

71.1 

74.1 

75.0 

73.9 

70.7 

66.7 

120.0 

65.0 

62.3 

60.8 

61.0 

62.7 

65.6 

68.9 

71.7 

73.2 

73.0 

71.2 

68.3 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

57.0 

55.4 

56.8 

61.0 

66  •  6 

72.6 

76.9 

78.6 

77.1 

72.9 

67. 1 

61.3 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  Jl FEUS  I V I T I 6S 
AND  SELECTED  DEPTHS 


CEPTF  BELOW 

01 FFUS1V I T  IES 

cURFACEIIN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

a  1.3 

82.  8 

83.1 

fc  3.4 

83.7 

48.0 

76.4 

79.  3 

80.0 

80.6 

81.3 

72.0 

72.  3 

75.9 

76.9 

77.7 

78. G 

96.0 

69.  3 

72.9 

74.  1 

75.0 

76.4 

120.0 

INTEGRATED 

AVERAGE  FRCM 

67.4 

70.5 

71.7 

<2.7 

74.2 

SURFACE 

TO  10  FT. 

75.  1 

77.8 

7C  ,6 

79.2 

80. 1 

SI-31 


EAR  T  H  TEMPERATURE  STATION 

TYPE  r_f  SOIL 

TYPL  CF  EARTH  SURFACE 

DAT  A  PROCESSED  BY 

DATA  SOURCE 


F a  tCETT • MO. 

UNKNOWN 

SOC 

(EN-HU-CHANG 
REFERENCE! 5  ) 


p:rjod  of  observation 


1951-1952 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

c 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

1.0 

33.0 

33.  « 

38.7 

47.8 

64.1 

73.8 

83.4 

81.1 

71.4 

56.4 

43.8 

34.4 

3.0 

33.2 

33.6 

38.0 

46.  3 

63.0 

71.  1 

79.9 

78.3 

70.2 

55.8 

43.6 

35.1 

6.0 

33.8 

33. R 

37.5 

45.2 

62.1 

69.  » 

76.7 

76.4 

69.4 

56.5 

44. 1 

36.4 

12.0 

35.3 

35.2 

37.5 

43.8 

61.1 

68.0 

73.6 

74.6 

70.2 

56.8 

46.2 

38.6 

24.0 

37.2 

36.0 

38.5 

44.  3 

58.0 

65.3 

71.1 

73.6 

68.0 

59.5 

49.2 

42.4 

45.0 

43.2 

41.6 

41.7 

44.8 

53.5 

60.7 

65.4 

67.7 

66.6 

62.6 

55.6 

48.6 

72.0 

45.5 

44.4 

44.2 

46.0 

48.9 

55.6 

61.3 

64.0 

64.7 

62.5 

57.0 

51.4 

RESULTS  CF  1  EAST 

SCUARES  ANALYSIS 

DEPTH  BELOW 
SURFACE! IN) 

AVERAGF(A) 

AMPLITUDES) 

PHASE  ANGLE ( P ) 

STANDARD 

DEVIATION 

1.0 

55.3 

25.6 

C.  66 

2.4 

3.0 

54.  1 

24.1 

0.69 

2.2 

6.0 

53.5 

22.7 

C.73 

2.1 

12.0 

53.5 

21.0 

0.78 

2.2 

24.0 

53.7 

18.6 

C.  88 

1.3 

4H.0 

54. A 

13.7 

1.14 

0.7 

72.0 

53.9 

10.8 

1.37 

0.7 

CALCULATE  FARTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 

month  of  year 

DEPTH  BELOW 


SURFACE! IN ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

l 

.0 

34. 

4 

35. 

,7 

41. 

.5 

51. 

l 

61, 

.1 

69. 

5 

73. 

5 

72. 

4 

66. 

1 

56. 

8 

46. 

.4 

3ft, 

.4 

3 

.0 

14. 

9 

35. 

.9 

4  1. 

,5 

50. 

7 

60, 

.5 

68. 

9 

73. 

0 

72. 

l 

66. 

2 

57. 

1 

47. 

.0 

39. 

.0 

6 

.0 

35. 

6 

36, 

.3 

41. 

.4 

50. 

2 

59. 

.7 

68. 

0 

72. 

3 

71. 

7 

66. 

2 

57. 

7 

47. 

.8 

39. 

.9 

12 

.0 

37. 

l 

3  7 . 

,1 

41. 

.  4 

49, 

3 

58. 

,2 

66. 

2 

70. 

8 

70. 

9 

66. 

3 

6ft. 

6 

49. 

.4 

41. 

.7 

24 

.0 

39. 

9 

38. 

.9 

41. 

.7 

47. 

9 

55. 

.6 

63. 

1 

68. 

0 

69. 

1 

66. 

l 

59. 

9 

52. 

.0 

44. 

.8 

48 

.0 

44. 

8 

42. 

.5 

43. 

.  1 

46. 

7 

52. 

.  1 

58. 

2 

63. 

0 

65. 

5 

64. 

8 

61. 

2 

55. 

.6 

49. 

.7 

72 

.0 

48. 

7 

45. 

,9 

45. 

.2 

46. 

8 

50. 

.3 

54. 

9 

59. 

l 

62. 

1 

62. 

8 

61. 

2 

57. 

,5 

53. 

.1 

!•)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  =54.0,HQ*20.0,  PC-P.65  ,C«.019 


EARTH  TEMPERATURE  STATIUN 


FAUCETT  *M0 


STA-31 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  0IFFUSIVITY«0.025»  A«  54.0  ,HD«  20.0  AND  P0»  0.65 

MONTH  OF  YEAR 

DEPTH  BELCjR 


SURFACE! IN) 

j 

F 

M 

A 

M 

J 

•J 

A 

S 

0 

N 

D 

24.0 

39.2 

38.5 

41.6 

48.2 

56.2 

63.8 

68.6 

69.6 

66.2 

59.  7 

51.4 

44.1 

48.0 

A3. 7 

41.7 

42.7 

46.8 

52.8 

59.2 

64.1 

66.3 

65.2 

61.1 

54.9 

48.7 

72.0 

47.5 

44.7 

44.4 

46.6 

50.7 

55.9 

60.4 

63.2 

63.5 

61.3 

57.0 

52.0 

*6.0 

50.3 

47.5 

46.3 

47.2 

49.8 

53.6 

67.5 

60.5 

61.7 

60.8 

58.0 

54.3 

120.0 

52.5 

49. « 

48.2 

48.1 

49.6 

52.3 

55.4 

58.2 

59.8 

59.9 

58.3 

55.7 

I  9  T  E  G  R  A  T  E  () 

AVERAGE  FROM 

surface 

44.9 

43.0 

43.9 

47.6 

52.9 

58.6 

63.0 

65  j  0 

63.9 

60.  3 

CD 

• 

49.3 

rn  10  ft. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  1)1  FFUS I V I  T  1 E S 
AND  SELECTED  DEPTHS 


DEPTH  eELOW 

Cl FFUS IV  IT IfcS 

SURFACE! INI 

0.010 

0.020 

0.0c5 

0.030 

0.C40 

24.0 

67.  7 

69.2 

69.6 

E9.8 

70.2 

48.0 

62.8 

65.6 

66.  3 

66.9 

67.7 

72.0 

58.7 

62.2 

63.2 

64.0 

65.2 

96.0 

55.9 

59.  3 

60.5 

61.4 

62.8 

120.0 

INTEGRATED 

AVERAGE  FROM 

54.2 

57.  1 

58.2 

59.1 

60.6 

SURFACE 

TO  10  FT. 

61.6 

64.  2 

65.  U 

65.6 

66.5 

ST- 32 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


KANSAS  CITY, MO. 
UNKNOWN 
UNKNOWN 
JEN-HU-CHANG 
R6  FERENCE ( 5 ) 


PERIOC  UF  UL'SERVATl'IN 


1950-1952 


OBSERVED  *CNTFLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURF  ACE  1 I N  » 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.9 

34.8 

41.1 

41.8 

54.5 

70.3 

77.7 

75.4 

75.5 

71.2 

6 1 .  1 

48.5 

34.5 

7.9 

3b.  6 

37  .8 

41.3 

52.9 

63.4 

75.2 

73.3 

76.6 

67.4 

58.ii 

47.6 

36.6 

11.8 

36.9 

38.0 

40.3 

49.8 

60.6 

70.7 

72.2 

78.  3 

66.0 

58.9 

48.3 

38.7 

11.7 

38.1 

38.0 

40.? 

47.7 

58.0 

67.0 

69.8 

69.  1 

64.9 

59.4 

49.7 

40.8 

39.4 

39.  S 

39.  7 

40.9 

47.  1 

55.4 

63.7 

67.7 

71.2 

66.  1 

60.  1 

50.6 

43.0 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


UEPIh  BELCw 
SURFACE! IN) 

AVER AG" (A) 

AMPLITUDES) 

PHASE  ANGLEIP) 

STANDARD 

DEVIATION 

3.9 

57.  3 

22.3 

C.58 

3.  1 

7.9 

55.6 

21.1 

0.63 

1.9 

11.8 

55.0 

19.9 

C.72 

2.1 

19.7 

53.  7 

16.  H 

O.RO 

1.2 

39.4 

5  3.  e 

15.8 

C  •  90 

1.0 

e A« ri-  TEMPERATURE  STATION 


STA-32 

KANSAS  uITV.MO. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DIFFUSIVl TY*0.025t  A«  54.0  ,80*  22. (  AND  PO  =  0.56 

MONTH  OF  YEAR 

DEPTH  BELOw 


SURFACE I  INI 

J 

F 

M 

A 

M 

J 

J 

A 

S 

f! 

N 

0 

24.0 

37,) 

37.? 

41.3 

49.1 

57.9 

66.0 

70.6 

70.8 

66.4 

59.8 

49.6 

41.9 

AB.O 

42.  1 

40.4 

42.1 

47.  1 

53.9 

60.  8 

65.7 

6  7.6 

65.7 

60.8 

53.8 

47.1 

72,0 

46.  1 

4J.6 

43.7 

46.6 

51.3 

57.0 

61.7 

64.4 

64.3 

61.4 

56.4 

50.9 

76,0 

49.3 

46.4 

45.6 

46.9 

50.0 

64.4 

58.5 

61.6 

62.4 

ol.  1 

57.8 

53.6 

120,0 

51. 7 

47.0 

47.5 

47.7 

49.6 

52.7 

66. 1 

59.0 

60.5 

60.  1 

58.  3 

55.2 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

Hi  10  FT. 

41.4 

41.9 

43.4 

47.  1 

53.9 

60.  1 

64.4 

66.  1 

64.4 

60.0 

cr 

• 

f* 

y> 

47.9 

calculated 

AUGUST  EARTH  TFMHERATURE  AT 

selected 

31 FFUS 1 V 1 T I ES 

AND  SELtCTEO  DEPTHS 

DEPTH  BELOW 

Cl FFUS I V 1  TIES 

surface  UNI 

C.OIO 

0.020 

0.025 

0.030 

0.040 

24.0 

69.0 

70.4 

70.6 

71.1 

71.4 

4  8.0 

63.9 

66.  9 

67.6 

68.2 

6  7.0 

72.0 

59.6 

o  3.  3 

64.4 

65.2 

66.4 

96.0 

56.  5 

60.  3 

61.5 

62.5 

63.9 

120.0 

54.5 

57.9 

59. 0 

to.o 

61.6 

Intfmateu 

AVERAGE  FROM 

SURFACE 

TO  10  FT. 

62.6 

05.  3 

66.  1 

66.8 

67.7 

SIKFSTON.HO 
SAKOY  LOAN 
GR  <SS 


ST-11 


t  AR  TH  TEMPERATURE  STATIJN 

TYPE  Cf  Si)  I L 

TYPE  C F  EARTH  SURFACE 

DATA  PROCESSED  HY 

DATA  SOURCE 


CLIMATOLOGICAL  DATA 


PER ( CD  UF  Ca$ERVdT ION 


19E0-1962 


UHSLRVfcO  MONTHLY  AVERAUF  EARTH  TEMPERATURES 


MONTH  OF  YEAR 

ucPTH  BELOW 


SURFACE  1  IN; 

J 

E 

M 

A 

M 

J 

J 

A 

S 

U 

N 

0 

1  .  0 

Jo. 9 

*1.1 

*6.1 

67.6 

69.8 

78.9 

83.9 

32.8 

76.1 

64.1 

49.6 

3.0 

17.3 

17. R 

*6.0 

57.5 

70.2 

79.2 

0*.2 

8  3.  1 

76.  7 

66.0 

50.6 

6.0 

3  7.  3 

30. <3 

**.9 

57. 1 

69.8 

78.7 

83.8 

82.7 

76.0 

66.  1 

50.8 

24.0 

37.0 

18.  » 

*3.  1 

51.8 

61.1 

70.  3 

75.0 

76.4 

7  3.3 

65.6 

51.6 

72 .0 

4  7.0 

39.  7 

44.1 

A  7.  7 

54.9 

61. 7 

66.7 

7G.0 

70.4 

67.4 

61.2 

54.1 

RESULTS  OF  LCAbT 


LEPTH  BELC* 
SURHACEI I  ) 

AVERAf.F  (  A  ) 

1.0 

60.  6 

3.0 

61.1 

6.0 

60.8 

24.0 

67.9 

72.0 

57.  5 

sou are S  ANALYSIS 

anplITuocIA)  phase 

24.0 
24.0 
23.8 
19,  7 
l  3.6 


standard 
ANGLE  {  P  )  DEVIATIOK 

C. 63  3.2 

0.66  1.1 

L  .  66  3.0 

0.R3  2.3 

1.29  1.2 


calculate.':  earth  t  h  wp  e  k a  t grl s  at  u^sfrved  ofptmsi*» 


“CNlH  Of  YEAR 

DEPTH  BE  L  Ox 

SURFACE  (IN)  JEMAMJJASOND 


1.0 

32.  3 

34.  7 

42.6 

64.  7 

67 . 1 

3.0 

32.  7 

34.9 

42.5 

54.5 

66.8 

6.0 

3  3.4 

35.2 

42.4 

53.9 

66 . 0 

24.0 

37.  3 

37.3 

42.2 

51.3 

61.7 

72.0 

46  •  4 

4  }.6 

44.3 

48.4 

54 . 7 

77.4 

81.7 

79.4 

70.9 

68.9 

46.  1 

36.5 

76. 8 

81.2 

79.2 

71. 0 

59.  3 

46.6 

37.1 

75.9 

80.5 

78.9 

71.1 

69.  8 

47. 5 

18.0 

71.2 

76. ft 

76.8 

71.5 

62.6 

51,0 

42.7 

ftl  .  H 

6  7.4 

70.4 

69.6 

65.5 

59.0 

52.1 

(•)  •■ASIC  PARAMETERS  LSEt:  FOR  TmE  calculation 
A  *>  7.0*!,n»25.0,  »<>■>.  NR  ,C=.034 


EARTH  TEMERATURF  STATION 


5IKESrON,MC 


STA-33 


CALCULATEC  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 


f OR  UIFFUSI VI TY« 

0.025 

.  A 

«  57. 

0  *ttO* 

25. 

0  AND 

PO* 

0.59 

i)E»TH  BELOW 

month 

OF 

TEAR 

SURFACE! IN)  J 

F 

¥ 

A 

M 

J 

J 

A 

S 

l: 

N 

0 

24.0  38.2 

37.3 

42.2 

50.9 

60.9 

70. 2 

75.7 

76.2 

7 1 .5 

63.0 

52.6 

4  3.  7 

49.0  43.7 

41.4 

4  J.  3 

48.8 

56.4 

64.3 

70.  1 

72.5 

TO.  5 

64.  1 

57.2 

49.6 

72.0  48.3 

45.2 

45.2 

48. 1 

53.6 

60.  1 

65.5 

68.5 

68.0 

65.6 

60.  1 

53.9 

96.0  51.9 

48.4 

47.4 

48.7 

52.2 

57.  1 

61.9 

65.4 

66.6 

65.2 

6  i  •  5 

56.8 

12C.0  54.t> 

1 vTEGRATEC 

AVERAGE  FROM 

51.4 

49.  7 

49.8 

51.8 

55.  3 

59.2 

62.5 

64.4 

64.2 

62.1 

59.6 

SURFACE  45.2 

TU  1C  FT. 

43.? 

44.8 

49.  7 

56.4 

6  3.5 

6b. ? 

7C.8 

69.  ) 

64.2 

57.2 

50.4 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DtFfuSIVlHF.S 
AND  SELECTED  CEPTHS 


BcLOw 

C 1 FFUS I V 1 T  l£ S 

SURFACE (INI 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

74.  1 

75.“ 

76.2 

76.5 

77.0 

48*0 

68.2 

71.6 

72.> 

73.1 

74.  1 

72.0 

63.2 

67.5 

66.  5 

69,7 

71.1 

96.0 

59.  7 

64.0 

65.4 

<6.5 

68,2 

120.0 

INTEGRATED 

AVERAGE  F«U“ 

57.5 

61.  1 

62.5 

63.7 

65.5 

SURFACE 

T  i  10  FI. 

efc.  7 

69.  8 

70.8 

n.s 

72.6 

ST-34 


f ah rn  tc^fratu-u  station 
typ;  cf  soil 

Type  CF  C  A*>  T  H  SIKF1  l 
DATA  PROCESSED  13 Y 
DATA  SOURCE 


80Z EM AN, MONTANA 
UNKNOWN 

unknown 
JEN-HU-ChANG 
RE  FERENCt 1 5 1 


:H:RtU;  of  ohservation 


1916-1920 


observed  monthly  average  earth  thmplra ture s 

month  of  yfar 

OZPtb  b£l  °w 


SURFACE (In) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

12,0 

29.  7 

2  2.  I 

10.2 

36.0 

44.2 

95. 4 

64.4 

62.9 

56.4 

44.6 

35.4 

31.5 

24,0 

11.8 

3C  .  7 

11.4 

34.8 

42.8 

92.  3 

60.  C 

61.4 

96.2 

47.0 

38.6 

34.1 

36.0 

13.5 

32.2 

12.0 

34.  1 

40.0 

49.  7 

66. 1 

58.1 

56.1 

47.6 

39.9 

35.6 

44.0 

36.0 

14.4 

33.6 

14.6 

38.8 

46.  1 

53.9 

57.3 

65.2 

4  9.  2 

42.  R 

38.3 

60.0 

*7.7 

35, 7 

14.7 

35.3 

38.8 

44.9 

51.0 

54.2 

53.7 

49.8 

44.4 

40.2 

90.0 

41.2 

17.1 

17.9 

37.4 

38.7 

42.0 

46.6 

50. H 

51.9 

50.0 

46.4 

43.4 

12C.0 

41.8 

39." 

19.6 

37.9 

38.7 

41.7 

46.1 

50.0 

51.4 

60.  1 

46.  9 

43.9 

«  r  5  L  L  T  S  'F  I  F  A  S  I  SC’UARfcS  ANALYSIS 


DEPTH  BfcLCV 
SURFACE  (  IM 

AVERAGE ( A ) 

AMPLITUDE! 3) 

phase  angle ipi 

standard 

DEVIATION 

12.0 

43.2 

17.6 

L.  79 

3.2 

24.0 

43.6 

15.4 

0.92 

2.4 

le.O 

42.fi 

13.1 

1.04 

2.2 

4°  .0 

4  3.4 

P.5 

1.21 

2. ! 

6C  .0 

4  1.4 

9.7 

1.  33 

1.4 

K'.U 

43.  e 

6.9 

1.66 

l.l 

I  ?  w  •  0 

4  3.9 

6.5 

1.74 

1.0 

calculate  r 

AK  TH 

TENPERATuRCS  at 

OBSERVED 

L5PTHS ( • 1 

wunTh 

OF 

Yt  AR 

> 

L-Ih  Hr i 

Ot. 

U8F ACF  (  1 

N  1  J 

P 

M 

A 

«# 

J 

J 

A 

S 

0 

N 

i) 

12.0 

2  5 . 8 

,‘t  .  4 

10.4 

38.  3 

47.5 

96.0 

61.1 

61.6 

57.3 

49.  5 

40.0 

31.  » 

'4.0 

10.  1 

28  .*< 

10.9 

36.  7 

44. 7 

52.6 

5  7.7 

59.4 

56.9 

50.  9 

42.  w 

35.5 

•'  .0 

j  3.  1 

1Z 

11 .8 

36.2 

42.5 

49.  6 

54.  7 

57.2 

56.0 

91.  7 

45.  1 

38.4 

4*  .  0 

39.7 

12.  p 

13.0 

16.  C 

41.0 

47.0 

52.1 

55.0 

54.9 

51.9 

46.  7 

40.9 

ftO  .  0 

18.0 

IS.  > 

14. 3 

16.  1 

1 

45.2 

49.8 

53.0 

53.7 

51.8 

47.  7 

42.8 

ie.o 

4  2.2 

3  9.? 

17.6 

37.6 

19.2 

42.  3 

46.  7 

48.  7 

60.5 

50.4 

48.  7 

49.7 

i  ?r  .o 

44.5 

4  2.2 

4U.  4 

39.  4 

39.8 

41.3 

4  3.4 

45.  8 

47.  7 

48.5 

48.2 

46.7 

(  • '  *AS1C  .',484“frtii  t  SCO  Ffi»  t  Mf  CALCULATION 


a  *«.«.. 0,P"*2*.o,r: 


68  .C-.H5 


EARTH  TEMPERATURE  STATION 


STA-34 


BOZEMAN*  MONTANA 


C/UCULATEC  FARTh  TEMPERATURES  AT  SELECTED  CEPTHS 


FDR  DIFFUS1VITY* 

;0.025 

*  A  *  44.  ( 

3  tUOa 

‘  21.0 

i  AND 

P0  = 

0.68 

DEPTH  BELOW 

MONTH 

OF 

TEAR 

SURFACE! IN)  J 

F 

M 

A 

M 

J 

J 

A 

S 

U 

N 

D 

24,0  28.7 

2  7.6 

30.6 

37.5 

45.8 

53.9 

59.1 

60.4 

57.1 

60.4 

41.0 

34.0 

48.0  33. 5 

31.1 

3?.0 

36.2 

42.3 

4".  1 

54.3 

56.9 

55.9 

51.8 

45.4 

38.8 

72.0  37.4 

34.4 

33.9 

36.1 

40.3 

45.7 

50.4 

53.6 

54.  1 

51.9 

47.5 

42.2 

96.0  40.4 

37.3 

36.0 

36.7 

39.4 

43.4 

47.4 

50.7 

52.0 

51.2 

48.4 

44.5 

120.0  42.6 

INTEGRATED 

AVERAGE  FROM 

39.7 

38.0 

37.8 

39.2 

42.0 

45.3 

48.2 

50.  1 

50.2 

48.6 

45.9 

SURFACE  34.6 

ru  10  FT. 

32.6 

3  3.3 

37.0 

42.5 

JS 

OD 

• 

SJ' 

53.2 

55.5 

54.6 

50.9 

45.2 

39.4 

CALCULATEC  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DI FFUS I V I  7 1 F S 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

C I FFUS IV I T I ES 

SURFACE ( IN  ) 

0.U10 

0.020 

in 

."Ni 

o 

• 

o 

0.030 

0.04G 

24.0 

58.4 

60.0 

60.4 

60.7 

61.1 

48.0 

53.  1 

56.  1 

56.9 

57.5 

68.4 

72.0 

48.8 

52.5 

53.6 

54.4 

55.6 

96.0 

45.9 

49.  5 

50.7 

51.6 

53.  1 

120.0 

INTEGRATED 

AVERAGE  FROM 

44.1 

47.1 

48.2 

49.2 

50.8 

nurfac^ 

TO  10  FT. 

61.9 

54.7 

56.6 

56.1 

57. 1 

ST-  34 


EARTH  TEMPERATURE  S  T  A  T  l  TIN 
TYPE  CF  SOIL 

type  cf  earth  surface 
L'ATA  PROCESSED  BY 
DATA  SOURCE 


BOZEMAN, MONTANA 
UNKNOWN 
UNKNOWN 
JEN-HU-CHANG 
RE  FERENCE ( 5 ) 


PERIOD  OF  OBSERVATION 


1916-1920 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

12.0 

29.  7 

29.1 

30. 2 

35.0 

44.2 

55.4 

64.4 

62.9 

55.4 

44.6 

35.4 

31.5 

24.0 

31.8 

3C.7 

31.4 

34.8 

42.8 

52.  3 

60.0 

61.4 

56.2 

47.0 

38.6 

34.1 

36.0 

33.5 

32.2 

32.0 

34.  1 

40.0 

48.7 

56.1 

58.1 

55.1 

47.6 

39.9 

35.6 

4  8.0 

36.0 

34.4 

33.6 

34.6 

38.8 

46.  1 

53.8 

57.3 

55.2 

49.2 

42.8 

38.3 

60.0 

37.7 

35.7 

34.7 

35.3 

38.8 

44.8 

51.0 

54.2 

53.7 

49.8 

44.4 

40.2 

90. 0 

41.2 

39.  3 

37.9 

37.4 

38.7 

42.0 

46.6 

5C.8 

51.9 

50.0 

46.4 

43.4 

12C.0 

41.8 

39 . n 

38.5 

37.9 

38. 7 

41.7 

46.1 

50.0 

51.4 

50.  1 

46.9 

43.9 

RESULTS  CF  1  FAST 
DEPTH  BELOW 

SURFACE! IN)  AVERAGH(A) 

SQUARES  ANALYSIS 

AMPL I T  UDE ! 3 )  PHASE 

ANGLE  1 P ) 

STANDARD 

DEVIATION 

12.0 

4  3.2 

17.6 

L.  79 

3.2 

24.0 

43.5 

15.4 

0.92 

2.4 

36.0 

42.8 

13.1 

1.04 

2.2 

48.0 

43.4 

11.5 

1.21 

2.1 

6C.0 

43.4 

9.7 

1.  33 

1.4 

9C.0 

4  3.  8 

6.9 

1.66 

l.i 

120.0 

4  3.9 

6.5 

1.74 

1.0 

CALCULATED  FAKTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 

MONTH  OF  YEAR 

depth  below 


SURFACE  1  IN  ) 

J 

F 

M 

A 

M 

J 

J 

A 

5 

0 

N 

D 

12 

.0 

26. 

8 

26, 

.4 

30, 

,4 

38. 

3 

47 

.5 

56  o 

0 

61. 

1 

61, 

>  6 

57. 

3 

49. 

5 

40. 

0 

31. 

,9 

24 

.0 

30. 

1 

28  , 

.6 

30, 

.9 

36. 

9 

44 

.7 

52. 

4 

57. 

7 

59, 

,4 

56. 

9 

50. 

9 

42. 

9 

35. 

,5 

36 

.0 

3  3. 

1 

30, 

.8 

31. 

.8 

36. 

2 

42 

.5 

49. 

5 

54. 

7 

57. 

,2 

56. 

0 

51. 

7 

45. 

1 

38. 

,4 

4  H 

.0 

35. 

7 

32, 

.9 

33, 

.0 

36. 

0 

41 

.0 

47. 

0 

52. 

1 

55. 

,0 

54. 

9 

51. 

9 

46. 

7 

40. 

.9 

60 

.0 

38. 

0 

35. 

.0 

34, 

.3 

36. 

1 

40 

.  1 

45. 

2 

49. 

8 

53. 

,0 

53. 

7 

51. 

8 

*7. 

7 

42, 

,8 

90 

.0 

42. 

2 

39, 

.2 

37  , 

.6 

37. 

5 

39 

.2 

42. 

3 

45. 

7 

48, 

.7 

50. 

5 

50. 

4 

48. 

7 

45, 

,7 

120 

.0 

44. 

5 

42, 

.2 

40, 

,4 

39. 

5 

39 

.8 

41. 

3 

43. 

4 

45. 

,8 

47. 

7 

48. 

5 

48. 

2 

46. 

,7 

(*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  -44.0,H0=2l.0,PC=O.68  ,C=.0l5 


ST-35 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  PY 

DATA  SOURCE 


BO.iEMAN,  MONTANA 
UNKNOWN 
UNKNOWN 
E.KFITTON 
RE  FEftENCE ! A  ) 


RFRIDC  OF  OBSERVATION 


1916-1920 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE!  IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

12.  U 

29.7 

29.1 

30.2 

3  5.0 

44.2 

55.4 

64.4 

62.9 

55.4 

44.6 

35.4 

31.5 

24.0 

31.9 

30.7 

31.4 

34.8 

42.8 

52.3 

60.0 

61.4 

56.2 

47.0 

38.6 

34.1 

36.0 

3  3.5 

32.2 

32.0 

34.1 

40.0 

48.  7 

56.1 

58.1 

55.1 

47.6 

39.9 

35.6 

48.0 

3  6.0 

34.4 

33.6 

34.6 

38.8 

46.1 

53.8 

57.3 

55»2 

49.2 

42.8 

38.3 

60.0 

37.7 

35.  7 

34.7 

35.3 

38.8 

44.8 

51.0 

54.2 

53.7 

49.8 

44.4 

40.2 

90.0 

41.2 

39.3 

37.9 

37.4 

38.7 

42.0 

46  •  6 

50.8 

51.9 

50.0 

46.4 

43.4 

I2C.0 

41.8 

39. R 

38.5 

3  7.9 

38.7 

41.7 

46.1 

50. 0 

51.4 

50.  1 

46.9 

43.9 

RESILTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE! IN) 

AVERAGE ! A) 

AMPLITUOE(B) 

PHASE  ANGLEtPJ 

standard 

DEVIATION 

12.0 

43.2 

17.6 

C  .  79 

3.2 

24.0 

43.5 

15.4 

0.92 

2.4 

36.0 

42.fi 

13.1 

1.04 

2.2 

48 . 0 

A3. 4 

11.5 

1.21 

2.  1 

6C.0 

43.4 

9.7 

1.33 

1.4 

3C.0 

4  3 .  B 

6.9 

1.66 

1.  1 

120.0 

43.9 

6.5 

1.74 

1.0 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

12.0 

26.8 

26.4 

30.4 

38.3 

47.5 

56.0 

61.1 

61.6 

57.3 

49.5 

40.0 

31.9 

24.0 

30.  1 

28.6 

30.9 

36.9 

44.7 

52.4 

57.7 

59.4 

56.9 

50.9 

42.9 

35.5 

36.0 

33. 1 

30.8 

31.8 

36.2 

42.5 

49.5 

54.7 

57.2 

66.0 

51.7 

45.  1 

38.4 

48.0 

35.  7 

32.9 

3  3.0 

36.0 

41.0 

47.0 

52.1 

55.0 

54.9 

51.9 

46.7 

40.9 

60.0 

38.0 

35.0 

34.3 

36.1 

40.1 

45.2 

49.8 

53.0 

53.7 

51.8 

47.7 

42.8 

9C.0 

42.2 

39.2 

37.6 

37.5 

39.2 

42.  3 

45.7 

48.7 

50.5 

50.4 

48.7 

45.7 

120.0 

44.5 

42.2 

40.4 

39.5 

39.8 

41.3 

43.4 

45.8 

47.7 

48.5 

48.2 

46.7 

(*)  BASIC  PARAMETERS  USED  FOR  THE  C ALCUL AT  1 0 i 
A  =44. 0*  80  =  2  l .  0  *  P  C  =  0 . 6  8  ,D=.015 


EARTH  TEMPERATURE  STATION 


STA-35 


BQ2EMAN, MONTANA 


CALCULATED  TARTU  TEMPERATURES  AT  SELECTED  CEPTHS 


FOR  IJlFFUSlVlTYa 

0.025 

.  A 

=  44.0 

tBO  = 

21.0 

AND 

P0  = 

0.63 

MONTH 

OF 

/FAR 

DEPTH  BELOw 

SURFACE (  IN  )  J 

F 

M 

A 

M 

J 

J 

A 

S 

t) 

N 

D 

24.0  20.4 

27.7 

31.1 

38.2 

46.6 

54.6 

59.5 

60.3 

56.6 

49.6 

41.0 

33.  3 

48.0  33.1 

31.0 

32.2 

36.  7 

43.0 

49.  7 

54.7 

57.0 

55.6 

51.2 

44.7 

38,2 

72.0  37.0 

34.2 

34.0 

36.4 

40.8 

46.2 

50.B 

53.8 

54.0 

51.5 

47.0 

41.7 

96.0  40.0 

37.1 

36.0 

36.9 

39.7 

43.8 

47. 8 

50.9 

52. 1 

51.1 

48.1 

44.1 

120.0  42.3 

39.5 

37.9 

37.9 

39.5 

42.  3 

45.6 

48.5 

50.1 

50.  1 

48.4 

45.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE  34.3 

32.4 

33.5 

37.5 

43.1 

49.  I 

53.5 

55.5 

54.3 

50.4 

44.6 

CD 

• 

JC 

TU  10  FT. 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVITIES 
AND  SELECTED  OEPTHS 


UEPTH  bELOW 

CIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.0  30 

0.040 

2  4.0 

58.4 

59.  9 

60.3 

60.6 

61.0 

48.0 

5  3.3 

56.  2 

57.0 

57.6 

58. 4 

72.0 

4  9.0 

52.7 

53.8 

54.6 

55.8 

96.0 

46.  1 

49.  7 

50.9 

51.8 

53.3 

120.0 

INTEGRATED 
AVERAGE  FROM 

44.3 

47.  3 

48.5 

49.5 

51.0 

SURFACE 

TO  10  FT. 

52.  1 

54.  7 

55.5 

56.2 

57.  I 

ST-36 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPF  CF  FARTH  SURFACE 

OAT  A  PROCESSED  HY 

DATA  SOURCE 

PFRICC  OF  OHSERVAT IDN 


HUNTLEY, MONTANA 

CLAY 

SOD 

CLIMATOLOGICAL  DATA 
19U-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


DEPTH  DELHI* 


ACE(IN) 

J 

E 

M 

A 

M 

J 

J 

A 

S 

0 

N 

U 

2.0 

2  7.8 

32.0 

37.8 

48.6 

59.8 

71.4 

75.1 

71.9 

58.5 

48.6 

37.5 

30.3 

4.0 

26.7 

3C.2 

36.0 

47.8 

58.5 

70.  1 

74.1 

71.1 

58.7 

48.6 

37.3 

30.5 

8.0 

28.1 

3C.2 

34.3 

44.6 

54.8 

66.  I 

70.7 

69.3 

57.9 

48.  1 

38.2 

34.  3 

20.0 

8  3.5 

3  3 .  A 

37.3 

44.6 

53.7 

63.  7 

71.6 

70.5 

61.8 

62.5 

43.0 

36.4 

40.0 

3  7.4 

36.  > 

38.3 

42.1 

48.9 

57.2 

65.9 

63.6 

60.  7 

66.0 

48.3 

42.3 

oO.O 

39.9 

38.4 

38.9 

41.0 

47.2 

53.5 

60.4 

64.6 

63.  7 

59.7 

55.  7 

48.1 

RESULTS  OF  LEASi  SQUARES  ANALYSIS 
DEPTH  DELOW 


calculate::  ^arth  temperatures  at  observed  depthsmi 


STANDARD 


ACEI IN) 

AVFR AGC ( A } 

AMPLITUDF(B) 

PHASE  ANGLE(P) 

DEVIATION 

2.0 

49.9 

23.4 

C.  50 

3.1 

4.0 

49.2 

23.4 

0.53 

3.0 

8.0 

48.  1 

21.0 

f.62 

3.0 

20.0 

50.  1 

19.4 

0.  73 

2.2 

40.0 

49.9 

14.6 

C.99 

2.1 

6C.0 

51.1 

13.3 

1.32 

4.1 

MONTH  of  year 


DEPTH  BELOW 


AC  E ( IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

U 

N 

D 

2.0 

2  5.6 

29.  3 

38.0 

50.5 

62.5 

71.4 

74.4 

70.9 

61.5 

49.  3 

37.0 

28.5 

4.0 

26.1 

29.4 

37.8 

49.  9 

61 . 7 

70.  7 

73.9 

70.7 

61.7 

49.9 

37.7 

29.2 

8.0 

27.  1 

29.8 

37.5 

48.9 

60.3 

69.  3 

72.8 

70.  3 

62.0 

50.9 

39.1 

30.6 

2C.0 _ 

30.3 

31.3 

36.9 

46.4 

56.6 

65.  3 

69.6 

68.8 

62.7 

53.4 

42.9 

34.6 

40 . 0 

35.2 

34.2 

37.  1 

43.7 

51.8 

59.  6 

64.7 

65.9 

62.6 

56.2 

47.8 

40.3 

60.0 

19.5 

37.3 

38.3 

42.5 

»6 

55.2 

60.3 

62.7 

61.6 

57.4 

51.1 

44.7 

(•)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  =  50.0,H<)=25.0,PC=0./,7  ,Ds.O?0 


EARTH  TFMf>E ;? ATUK f:  STATION 


ST  A- 36 


HUNTLEY, MONTANA 


CALCULATEC  FARTH  TEMPERATURES  AT  SELECTED  LEPIHS 


FDR  DIFFUG 

I  VI  TY  = 

0.025 

.  A 

II 

VJ3 

o 

• 

0  ,80  = 

25.0 

AND 

PO* 

0 . 4  7 

MONTH 

OF 

YFAR 

depth  BELOW 

SURFACE! IN)  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0  30.6 

31.6 

36.9 

46.  ) 

56.2 

64.8 

69.3 

66  6 

62.8 

53.  7 

43.3 

35.1 

48.0  35.8 

34.6 

37.2 

4  3.4 

51.2 

58.9 

64.0 

65.4 

62.5 

56.4 

48.4 

41.0 

72.0  40.3 

37. 

38.6 

42.4 

48.1 

64.4 

59.5 

62.  1 

61.3 

3  7.  3 

51.6 

45.5 

76.0  44.0 

41.1 

40.5 

42.4 

46.3 

51.3 

55.8 

56.9 

69.5 

57.6 

53.5 

48.6 

120.0  46.8 

43.o 

42.6 

43.  1 

45.5 

49.2 

5  3.0 

56.  1 

57.5 

56.9 

54.  3 

50.  7 

1 NTEORATEO 

AVERAGE  P‘>OM 

SURFACt  37.4 

36.1 

38.6 

44.2 

51.1 

57.9 

62.6 

b  3. 7 

61.2 

55.  7 

48.6 

42.0 

TO  10  FT. 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSI VI T I £S 
AND  SELECTED  depths 


depth  below 

CIFFUSIViTIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

66.  a 

68.  3 

68.6 

68.9 

69.2 

48.0 

61.5 

64.  6 

65.4 

66.0 

o6. 8 

72.0 

56.8 

60.9 

62.  1 

62.9 

64.2 

9b. 0 

5  3.2 

57.  5 

58.9 

59.9 

61.5 

120.0 

I 7TECRA TEO 

AVERAGE  F‘<UM 

50.9 

54.7 

56.  1 

57.3 

59.0 

SURFACE 

Tl)  1C  FT. 

59.  H 

62.  8 

63.  7 

64.4 

65.4 

ST-3? 


EARTH  TEMPERATURE  STATION 

L INCOLN, NEBRASKA 

TYPl  CF  SOIL 

UNKNOWN 

TYPE  OF  EARTH  SURF Ar. t 

RARE 

DATA  PROCESSED  BY 

E.M.FITTUN 

DATA  SOURCE 

REFERENCE ( A ) 

PERIOD  OF  OiiSERVAT ION 

1 9  CO- 1904 

OBSFRVEO  MONTHLY  AVERAGE  EARth  T EMPLRA1 URES 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACE (IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

U 

N 

D 

l 

.0 

30, 

.0 

28. 

.2 

42. 

.4 

58. 

6 

74, 

.5 

82. 

3 

90. 

8 

85. 

6 

72. 

0 

60. 

0 

43. 

5 

31. 

.0 

3 

.0 

30, 

.0 

28. 

.7 

41, 

.1 

59. 

3 

72. 

.1 

81. 

2 

88. 

b 

85. 

3 

72. 

9 

61. 

4 

44. 

3 

31, 

.6 

6 

.0 

29, 

,6 

28. 

.0 

37, 

.9 

54. 

5 

68, 

.7 

77. 

5 

83. 

6 

82. 

0 

71. 

0 

60. 

2 

44. 

l 

31, 

.9 

9 

.0 

30. 

,0 

28. 

,4 

35. 

.7 

50. 

a 

64, 

.4 

73. 

0 

79. 

4 

77. 

9 

70. 

5 

59. 

0 

44. 

3 

33. 

,4 

12 

.0 

31, 

,4 

29. 

.3 

35. 

.0 

48. 

2 

60. 

.8 

69. 

5 

75. 

8 

75. 

0 

66  . 

6 

58. 

4 

45. 

1 

34. 

.8 

24 

.0 

35. 

.  I 

32. 

.9 

34. 

.7 

44. 

8 

56. 

.5 

64. 

2 

70. 

« 

71. 

6 

66. 

9 

59. 

7 

49. 

5 

39. 

.5 

36 

.0 

38. 

.  1 

35. 

.  3 

35. 

.7 

43. 

0 

53, 

.2 

61. 

1 

67. 

5 

69. 

4 

66  . 

7 

60. 

7 

52. 

1 

43. 

,2 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 

standard 

SURFACE! IN) 

AVER  AGc ! A ) 

AMPLITUDES)  PHASE 

ANGLE  IP) 

deviation 

1.0 

58.4 

30.9 

C.  53 

2.0 

3.0 

58.2 

30.1 

C  .  5  7 

1.9 

6.0 

55.9 

28.3 

0.62 

1.5 

9.0 

54.0 

26.0 

(..68 

1.2 

12.0 

52.6 

23.5 

0.  73 

1.2 

24.0 

52.3 

19.7 

C.R9 

1.0 

Tfc.O 

52.  3 

17.3 

1.03 

0.8 

EARTH  TEMPERATURE  STATION 


STA-37 


LINCOLN, Mf BKASK A 


CALCULATEC  FARTH  TEMPERATURES  AT  SELCCTEO  LEPTHS 

FOR  D I  FFU'S  I VI T Y«0«025,  A=  54.0  ,B0*  28.0  AND  P0  =  0.52 

MONTH  OF  YEAR 

OEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

U 

N 

0 

24.0 

32.5 

32.1 

38.5 

48.6 

59.9 

69.8 

75.  3 

75.2 

6^.1 

59.2 

47.6 

38.0 

48.0 

38.5 

36.7 

39.2 

45.9 

54.5 

63.3 

69.3 

71.3 

68.5 

62.0 

53.0 

44.6 

72.0 

43.6 

40.6 

41.0 

44.9 

51.2 

58.  3 

64.2 

67.4 

66.9 

63.0 

56.5 

49.5 

96.0 

47.7 

44.3 

43.3 

45.2 

49. 3 

54.9 

60.1 

63.  7 

64.  7 

62.8 

58.4 

53.0 

I2C.0 

I  i  I EGRATEO 
AVERAGE  FROM 

50.8 

47.4 

45.7 

46.  1 

48.6 

62.7 

57.0 

60.6 

62.4 

61.9 

59.2 

55.2 

SURFACE 

TO  10  FT. 

40.2 

38.6 

or 

• 

o 

46.8 

54.4 

62.2 

67.6 

69.4 

66.9 

61.1 

53.2 

45.  7 

CALCULATEC  AUGUST  EARTH  TFMPERATUuE  AT 

SELECTED 

OIFFUSIVI TIES 

AND 

SELECTE"  DEPTHS 

DEPTH  BELOW 

CIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

73.0 

74.7 

75.2 

75.5 

75.9 

46.0 

66.  6 

70.4 

71.  i 

72.0 

73.0 

72.0 

61. 3 

66.  0 

67.4 

78.4 

69.8 

96.0 

57.4 

62.2 

63.  7 

65.0 

66. H 

120.0 

54.8 

59.0 

60.6 

61.9 

63.9 

INTEGRATED 
AVERAGE  FROM 
SURFACE 

TC  10  FT. 

65.0 

68.4 

69.4 

10.2 

71.3 

ST-38 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


L I NCOLNt  NEBRASKA 
UNKNOWN 
UNKNOWN 
C.K.FITTON 
REFERENCE! A  I 


PER  IOC  OF  OBSERVATION 


18S4-1904 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

1.0 

28.2 

29.0 

40.1 

58.7 

70.9 

79.2 

86.9 

85.1 

73.7 

58.1 

40.6 

31.2 

3.0 

38.5 

27. fl 

38. A 

57.6 

69.7 

78.  1 

85.1 

84.0 

73.5 

69.4 

42.7 

31.4 

6.0 

t  9.0 

28.1 

37.4 

53.6 

66.7 

76.  1 

82.1 

80.9 

72.0 

58.  3 

42.6 

31.7 

9.0 

29.8 

28.0 

36.0 

50.8 

64.2 

73.7 

79.7 

78.9 

71.0 

58.5 

38.9 

28.8 

12.0 

30.2 

29.9 

35.6 

49.1 

61.2 

69.7 

75.8 

75.6 

69.2 

57.9 

44.5 

34.6 

24.0 

35.1 

33.1 

35.3 

45.4 

56.9 

64.6 

70.5 

72.0 

68.2 

60.0 

49.2 

39.5 

36.0 

38.  1 

35.1 

36.0 

43.6 

53.8 

61.5 

67.  7 

69.8 

67.9 

61.3 

51.9 

43.0 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 

DEPTH  BELOW  STANDARD 


SURFACE! IN) 

AVERAGE ( A ) 

AMPLITUDE! 8) 

phase  anglecpj 

deviation 

1.0 

66.9 

30.3 

C.  65 

2.0 

3.0 

57.  3 

27.8 

0.60 

3.9 

6.0 

55.0 

27.9 

1.62 

1.2 

9.0 

53.3 

27.3 

0.63 

2.2 

12.0 

52.9 

23.9 

C.  72 

0.9 

24.0 

52.6 

19.9 

0.  89 

0.9 

36.0 

52.6 

17.7 

l .  C  3 

0.7 

EARTH  TEMPERATURE  STATION 


ST A- 38 


L I NCOLN, NEBRASKA 


CAICUIATEC  PARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  OIFFUS IVI TV*0.025,  A»  53.0  ,U0*  2 8.0  AND  PO*  0.52 

MONTH  OF  YEAR 

DEPTH  BELOW 

SURFACE  I  IN )  JFMAMJJASOND 

24.0  31.5  3l.*»  37.5  47.6  58.9  68.8  74.3  74.2  68.1  58.2  46.6  37.0 

48.0  37.5  35.7  38.2  44.9  53.5  62.3  68.3  70.3  67.5  61.0  52.0  43.6 

72.0  42.6  39.6  40.0  43.9  50.2  57.3  63.2  66.4  65.9  62.0  55.5  48.5 

96.0  46.7  41.2  42.3  44.2  48.3  53.9  59.1  62.7  63.7  61.8  57.4  52.0 

120.0  49.8  46.4  44.7  45.1  47.6  51.7  56.0  59.6  61.4  60.9  58.2  54.2 

integrated 

AVERAGE  FROM 

SURFACE  39.2  37.6  39.8  45.8  53.4  61.2  66.6  68.4  65.9  60.1  52.2  44.7 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVITIES 
ANO  SELtCTEO  DEPTHS 


DEPTH  BELOW 

DIFFUSIVITIES 

SURFACE  1  INI 

0.010 

0.020 

0.025 

C.030 

0.040 

24.0 

72.0 

73.  7 

74.2 

74.5 

74.9 

48.0 

65.8 

69.4 

70.  3 

71.0 

72.0 

72.0 

60.3 

65.0 

66.4 

67.4 

68.8 

96.0 

56.4 

61.2 

62.  7 

64.0 

65.6 

120.0 

INTEGRATED 

AVERAGE  FROM 

53.8 

58.  0 

•>9.6 

60. 9 

62.9 

SURFACE 

TU  10  FT. 

64.0 

6  7.4 

68.4 

t9.2 

70.  3 

ST-39 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSEO  BY 

OATA  SOURCE 

PER  I OC  OF  OBSERVATION 


NORFOLK, NEBRASKA 
UNKNOWN 
UNKNOWN 
JEN-HU-CHANG 
REFERENCE  C  5 1 

1950-1952 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

month  of  year 

OEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A  M 

J 

j 

A 

S 

0 

N 

0 

3.9 

29.9 

33.6 

36.2 

63.0 

71.6 

78.0 

71.9 

65.0 

55.6 

37.7 

34.0 

7.9 

31.0 

36.4 

35.8 

63.2 

72.6 

79.0 

73.0 

67.7 

56.8 

40.6 

33.7 

11. 8 

29.7 

35.4 

33.2 

62.2 

71.5 

76.7 

73.8 

68.  1 

57.6 

41.7 

33.8 

19.7 

30.  1 

34.9 

32.0 

60.8 

70.0 

75.0 

72.9 

68.0 

56.8 

43.4 

34.4 

39.4 

3  3.7 

34.3 

33.7 

57.8 

66*6 

72.5 

71.6 

67.7 

59.0 

47.6 

38.2 

RESILTS  OF  LEAST 

SQUARES  ANALYSIS 

f 

DEPTH  BELOW 
SURFACEI IN) 

AVERAGE ( A  ) 

AMPLITUDE!*) 

PHASE  ANGLE! P) 

STANDARD 

deviation 

3.o 

52.4 

23.5 

C.  5 7 

2.3 

7.9 

53.5 

23.5 

0.60 

2.5 

11.8 

52.9 

23.7 

C.67 

2.5 

i 

19.7 

52.  3 

?3.0 

0.  70 

2.5 

39.4 

52.5 

20.6 

C  •  8  3 

1.5 

t 

M 

EARTH  TEMPERATURE  STATION 


STA-34 

NORFOLK » NEBRASKA 


CALCULATEC  FARTH  TEMPERATURES  AT  SELECTED  .EPTHS 


FOR  DIFFUSiVITY- 

0.025 

.  A 

*  53.0 

i  ,&o« 

24. 

C  AND 

P0« 

0.54 

DEPTH  BELOW 

MONTH 

OF 

YEAR 

- 

surface i i n i  j 

F 

M 

A 

M 

J 

j 

A 

S 

0 

N 

D 

24.0  34.7 

34.8 

39.4 

48.0 

57.7 

66.  3 

71.2 

71.2 

66.2 

57.8 

47.9 

39.6 

48.0  39.9 

38.1 

40.2 

45.8 

53.1 

60.  7 

66.0 

67.9 

65.6 

60.  1 

52.5 

45.2 

72.0  44.2 

41.6 

41.8 

45.  1 

50.1 

56.5 

61.6 

64.4 

64.1 

60.9 

55.4 

49.4 

96.0  47.8 

44.7 

43.8 

45.  3 

48.8 

53.6 

58.0 

61.3 

62.2 

60.6 

57.0 

52.3 

120.0  50.4 

INTEGRATED 

AVERAGE  FROM 

47.4 

45.9 

46.2 

48.3 

51.7 

55.4 

58.6 

60.  1 

59.8 

57.6 

54.2 

SURFACE  41.3 

TO  10  FT. 

39.8 

41.6 

46.6 

53.1 

59.8 

64.5 

66.2 

64.2 

59.  3 

52.5 

46.  1 

CALCULATED 

AUGUST 

EARTH  TEMPERATURE  AT 

SELECTED 

DIFFUSIVITIES 

ANO  SELECTED  DEPTHS 

DEPTH  BELOW 

CIFFUSIV! T IES 

SURFACE! IN) 

0.010 

0.020 

0.025 

C.030 

0.040 

24.0 

69.3 

70.9 

71.2 

71.5 

71.9 

48.0 

63.9 

67.0 

67.4 

68.5 

69.  3 

72.0 

59.2 

63.  3 

64.4 

65.  3 

66. 6 

96.0 

55.8 

59.9 

61 . 3 

62.3 

:>  3 . 9 

120.0 

53.6 

57.  ? 

58.6 

59.7 

6  1 . 4 

INTEGRATED 

AVERAGE  FROH 

surface 

62.4 

65.  3 

66.2 

<56.9 

6  7.9 

Tu  ! 0  FT. 


ST-40 

NEW  BRUNSWICK, N.J. 

UNKNOWN 

BLUE  GRASS  SUD 

JEN-HU-CHANG 

RE  TERENCE ( 5 ) 

1953-1955 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACEI IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

1.0 

32.9 

34.9 

39.3 

50.4 

62.0 

69.6 

78.7 

75.2 

6  7.6 

59.7 

45.9 

35.9 

3.0 

33. A 

35.0 

39.7 

49.9 

5?.6 

67.4 

73.9 

72.0 

66.7 

60.2 

46.7 

38.2 

IC.O 

35.2 

35.3 

39.9 

48.9 

56.5 

65.6 

71.7 

71.3 

66.8 

60.4 

48.2 

39.8 

24.0 

37.8 

36.4 

40. 1 

47.0 

54.4 

62.6 

68.3 

69.8 

66.4 

61.4 

50.8 

42.8 

RESULTS  OF  LEAST 
DEPTH  PELOW 

SURFACE ( IN )  AVERAGE ( k ) 

SQUARES  ANALYSIS 

AMPLITUDES)  phase 

ANGLE { P ) 

STANDARD 

DEVIATION 

1.0 

54.5 

22.3 

C.69 

1.4 

3.0 

53.6 

20.0 

0.75 

1.1 

10.0 

53.4 

18.7 

C.  81 

0.8 

24.0 

53.2 

16.7 

0.94 

0.6 

EARTH  TEMPERATURE  STATIUN 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PERIOD  OF  OBSERVA1 ION 


•  ST  A-40 

EARTH  TEMPERATURE  STATION  NE  BRUNSWICK  ,N.J. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DIFFUSIVITY=0.025,  A=  53.0  , BO*  21. C  AND  P0  =  0.69 

MONTH  OF  YEAR 

DEPTH  BELOW 

SURFAC  E  I  IN  )  JFMAMJJASOND 

24.0  37.8  36.6  39.5  46.3  54.6  62.8  68.1  69.4  66.2  59.6  50.9  43.1 

48.0  42.5  40.1  40.9  45.1  51.2  58.0  63.3  65.9  64.9  60.9  54.5  47.9 

72.0  46.4  43.4  42.9  45.0  49.2  54.6  59.4  62.6  63.1  60.9  56.6  51.3 

96.0  49.5  46.3  45.0  45.7  48.3  52.3  56.4  59.6  61.0  60.3  57.5  53.6 

120.0  51.6  48.3  47.0  46.8  48.2  51.0  54.2  57.2  59.0  59.2  57.7  55.0 

INTEGRATED 
AVERAGE  FROM 

SURFACE  43.7  41.5  42.3  45.9  51.4  57.4  62.1  64.5  63.6  60.0  54.3  48.5 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  01 FFUS I  V I T I ES 
AND  SELECTED  OEPTHS 


OEPTH  BELOW 

CIFFUSIV ITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

67.4 

69.0 

69.4 

69.7 

70.  1 

48.0 

62.0 

65.  1 

65 . 9 

66.5 

67.4 

72.0 

57,8 

61.  5 

62.0 

63.4 

64.6 

96.0 

54.8 

58.4 

59.0 

60.b 

62.0 

120.0 

INTEGRATED 
AVERAGE  FROM 

•33.  1 

56.  0 

57.2 

£8.2 

59.7 

SURFACE 

TO  10  FT. 

60.9 

63.6 

64.  5 

65.  1 

66.  1 

r 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


ST-41 

ITHACA, NEW  YORK 
UNKNOWN 
GRASS  SOD 
JEN-HU-CHANG 
REFERENCED) 


PER  I OC  OF  OBSERVATION  1941-1946 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


DEPTH  BELOW 
SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.0 

32.4 

31.4 

35.7 

43.8 

54.6 

62.9 

67.6 

66.3 

63.0 

51.3 

41.1 

33.8 

6.0 

32.8 

31.8 

35.5 

43.3 

53.6 

62.2 

67.1 

66.2 

63.3 

52.0 

42.0 

34.4 

12.0 

33.9 

32.7 

35.2 

42.5 

52.1 

60.6 

65.8 

65.6 

63. 1 

53.4 

43.5 

36.1 

24.0 

36.5 

34.6 

35.7 

41.6 

49.8 

56.4 

63.7 

64.5 

62.8 

55.3 

46.6 

39.1 

48.0 

40.0 

37.7 

37.3 

40.6 

45.9 

52.8 

58.3 

61.0 

61.1 

56.9 

50.6 

43.9 

96.0 

45.7 

43.0 

41.1 

41.6 

53.8 

47.5 

51.4 

54.5 

56.7 

56.  1 

53.2 

49.3 

RESLL.TS 

OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 

STANDARD 

SURF AC  E ( I N )  AVERAGE ( A ) 

AMPLITUDE(B) 

PhASE  ANCLE ( P ) 

DEVIATION 

3.0 

48.8 

18.9 

C.  71 

1.3 

6.0 

48.8 

18.5 

0.75 

1.2 

12.0 

48.8 

17.5 

C .  83 

1.1 

24.0 

49.0 

15.4 

0.97 

1.1 

48.0 

48.9 

12.2 

1.23 

0.6 

96.0 

49.5 

6.8 

1.51 

2.9 

! 


EARTH  TEMPERATURE  STATION 


STA-4 1 


ITHACA, NEW  YORK 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  IEPTHS 

FOR  DIFFU$IV!TY»0.025»  A=  49.0  ,BO*  19.0  AND  P0=  0.69 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

35.2 

34.2 

36. 6 

42.9 

50.5 

57.8 

62.6 

63.9 

60.9 

54.9 

47.1 

40.1 

48.0 

39.5 

37.3 

33.1 

41.8 

47.4 

53.5 

58.3 

60.  7 

59.8 

56.  1 

50.  3 

44.4 

72.0 

43.1 

40.3 

39.8 

41.8 

45.6 

50.4 

54.8 

57.6 

58.  1 

56.2 

52.2 

47.5 

96.0 

45.8 

43.0 

41.7 

42.4 

44.8 

48.4 

52.0 

55.0 

56.3 

55.6 

53.1 

49.6 

120.0 

integrated 

AVERAGE  FROM 

47.8 

45.2 

43.6 

43.4 

44.7 

47.2 

50. 1 

52.8 

54.5 

54.6 

53.2 

50.8 

SURFACE 

TO  10  FT. 

40.6 

38.6 

39.3 

42.6 

47.5 

53.0 

57.3 

59.4 

58.6 

55.  3 

50.2 

44.9 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DI FFUS I VI T I E S 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

D I FFUS ! V I T I £S 

SURFACE! IN ) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

62.0 

63.5 

63.9 

64.1 

64.5 

48.0 

57.2 

59.9 

60.  f 

61.2 

62.0 

72.0 

53.3 

56.7 

57.6 

58.4 

59.5 

96.0 

50.7 

53.9 

55.0 

55.9 

57.2 

120.0 

INTEGRATED 
AVERAGE  FROM 

49.1 

51.  7 

52.8 

53.7 

55. 1 

SURFACE 

TO  10  FT. 

56.2 

58.  6 

59.4 

60.0 

60.8 

EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PERIOD  OF  OBSERVATION 


ITHACA, NEW  YORK 
LOAM 

GRASS-SOD 

US  WEATHER  R.C. 

19AJ-1947 


ST-42 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

0. 

31.6 

31.2 

36.0 

43.6 

54.2 

65.0 

69.0 

66.4 

57.8 

49.8 

39.2 

33*4 

3.0 

32.2 

31.9 

35.0 

42.8 

52.8 

63.8 

68.6 

66.0 

58.4 

50.6 

40.4 

34.4 

6.0 

32.8 

32.2 

35.2 

41.4 

52.4 

63.4 

67.4 

66.0 

58.8 

51.2 

41.2 

35.2 

12.0 

33.8 

33.2 

35.2 

41.6 

51.2 

61.4 

66.2 

64.0 

59.0 

51.0 

44.0 

37.2 

24.0 

36.6 

36.2 

35.6 

41.2 

48.8 

59.0 

64.2 

64.2 

•0.2 

54.4 

47.6 

40.6 

49.0 

40.2 

38.4 

37.4 

40.6 

45.2 

52.0 

59.2 

61.0 

59.8 

55.8 

51.0 

45.4 

96.0 

46.0 

43.2 

41.4 

41.6 

43.8 

48.2 

52.6 

55.4 

56.8 

55.8 

52.7 

49.2 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE!  IN) 

AVERAGE ( A ) 

AMPLITUDES) 

PHASE  ANGLE! P) 

STANDARD 

DEVIATION 

0. 

48.2 

19.1 

0.64 

3.1 

3.0 

48.2 

18.5 

C.69 

3.1 

6.0 

48.2 

18.0 

0.73 

3.0 

12.0 

48.3 

16.5 

C.  80 

2.6 

24.0 

49.0 

15.0 

0.96 

2.7 

48.0 

48.9 

11.8 

1.25 

2.6 

96.0 

49.0 

7.7 

1.65 

1.2 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS ( • I 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! ! N ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

U 

N 

0 

0. 

30.  1 

31.6 

37.3 

46.6 

56.2 

64.  1 

67.3 

66. 5 

60.3 

51.3 

41.4 

33.8 

3.0 

30.8 

31.9 

37.2 

46.  1 

55.4 

63.  3 

67.2 

66.2 

60.4 

51.8 

42.1 

34.6 

6.0 

31.4 

32.2 

37.2 

45.6 

54.7 

62.5 

66.5 

65.8 

60.5 

52.2 

42.8 

35.4 

12.0 

32.7 

32.9 

37.  1 

44.8 

53.4 

61.0 

65.2 

65.1 

60.6 

53.  1 

44.2 

36.9 

24.0 

35.  1 

34.4 

37.3 

43.5 

51.1 

58.2 

62.7 

69.6 

60.5 

54.  3 

46.6 

39.  7 

48.0 

39.5 

37.5 

38.4 

42.2 

47.7 

53.  7 

58.3 

60. S 

59.5 

55.7 

50.0 

44.2 

96.0 

45.9 

43,? 

42.0 

42.7 

45.0 

48.5 

52.0 

54.8 

16.0 

55.J 

52.9 

49.5 

(•)  faASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  *49.0,BO=19.0,PC=0.64  ,0.023 

J 

4 


EARTH  TEMPERATURE  STATION 


STA-42 


ITHACA, NEW  YORK 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  DIFFUS IVI TY*0.025,  A*  49.0  ,B0»  19. C  AND  P0=  0.64 


MONTH  OF  YEAR 


DEPTH  BELOW 
SURFACE ( IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

14.9 

34.3 

37.3 

43.6 

51.2 

50.4 

62.9 

63.8 

60.5 

54.  3 

46.4 

39.5 

48.0 

39.2 

37.3 

38.3 

42.  3 

47.9 

54.0 

58.6 

60.  7 

59.6 

55.6 

49.8 

43.9 

72.0 

42.7 

40.5 

3  9.9 

42.  1 

46.0 

50.9 

55.1 

57.8 

58.0 

55.9 

51.8 

47.0 

96.0 

45.5 

42.8 

41.7 

42.6 

45.1 

48.  7 

52.4 

55.2 

56.  3 

55.4 

52.8 

49.2 

120.0 

47.5 

45.0 

43.5 

43.4 

44.0 

47.4 

50.4 

53.0 

54.5 

54.6 

53.0 

50.5 

INTEGRATED 

average  from 

S 

SURFACE 

TO  10  FT. 

40.3 

30.6 

39.5 

43.0 

48.0 

53.5 

57.6 

59.4 

58.4 

54.9 

49.  7 

44.4 

CALCULATFC  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  Dl FFUS I V  I T I E S 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

0 1 FFUS I V I T  1 E  S 

SURFACE(IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

62.0 

63.4 

63.8 

64.0 

64.4 

48.0 

57.  3 

60.  0 

60.  t 

61.3 

62.0 

72.0 

53.5 

56.  a 

57.a 

59.5 

59.6 

96.0 

50.8 

54.  1 

55.2 

56. 1 

57.3 

120.0 

INTEGRATED 

AVERAGE  FkuM 

*.9.2 

51.9 

53.0 

53.9 

55.3 

surface 

TO  10  FT. 

56.3 

58.  7 

59.4 

60.0 

60.8 

EARTH  TEHPE^ATURE  STATION 

TYPE  OF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  HY 

OATA  SOURCE 

PER  I OC  OF  OPSERVAT  ION 


st-a3 

RALEIGH, N.C. 

SANDY  LOAM 
BARE 

CLIMATOLOGICAL  DATA 
1960-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 

SURF  AC  E  (  I N  )  JFMAMJJASOnij 

A • 0  A  1  •  6  AA.7  A8.6  62.1  72.6  77.6  79.7  80. A  7A.7  66.6  5A.8  A3. 3 
8.0  A l » A  A A . A  A8.A  60.8  71.9  76.9  79.3  79. A  7A.3  66.3  55.1  A3.B 


WESILTS  OF  LEAST  SQUARES  ANALYSIS 
DEPTH  PELCW 

SURFACE! In )  AVERAGE ( A )  AMPL I TUDE ( 9 1  PHASE  ANGLE ( P ) 


STANDARD 

DEVIATION 


A  .  0 

8.0 


62.  A 
62.0 


20.2 

19.8 


C.62 

0.6A 


3.  I 

2.9 


EARTH  TEMPER ATURE  STATION 


RALEIGH, N.C. 


STA-43 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  DIFFUSIV1TY=0.025,  A*  62,0  ,B0=  19,0  AND  P0»  0.60 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACEI IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

4  7.7 

47.4 

50.7 

57.2 

64.8 

71.9 

76.1 

76.6 

73.1 

66.7 

58.8 

52.0 

48.0 

51.9 

50.2 

51.5 

55.7 

t>l .  4 

67.5 

71.9 

73-8 

72.3 

68.2 

62.3 

56.4 

72.0 

55.4 

53.1 

53.0 

55.3 

59.4 

64.2 

68.4 

70.9 

71.0 

68.6 

64.4 

59.7 

96.0 

58.2 

55.6 

54.7 

55.  7 

58.3 

62.0 

65.6 

68.3 

69.3 

63.3 

65.5 

61.9 

120.0 

60.3 

57.8 

56.4 

56.5 

58.0 

60.7 

63.6 

66.2 

67.6 

67.5 

65.9 

63.3 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

53.1 

51.5 

52.7 

56.4 

61.5 

66.9 

70.8 

72.5 

71.2 

67.5 

62.3 

57.1 

TO  10  FT. 


calculated  august  earth  temperature  at  SELECTED  OIFFUSIVITIES 
and  SELECTED  DEPTHS 


DEPTH  BELOW 

OIFFUSIVITIES 

SURFACEI  ,'N) 

C  010 

0.020 

0.025 

0.030 

0.040 

24,0 

75.0 

76.3 

76.0 

76.9 

77.2 

48.0 

70.5 

73.  1 

73.8 

74.3 

75.0 

72.0 

66.  7 

70.0 

70.9 

71.6 

72.7 

96.0 

64.0 

67.  3 

68.3 

69.2 

70.5 

120.0 

INTEGRATE! 

AVERAGE  FROM 

62.3 

65.  1 

66.2 

67.1 

68.4 

SURFACE 

TU  10  FT. 

69.3 

71.7 

72.5 

73.0 

73.8 

COLUMBUS. OHIO 
SILT  LOAM 
GRASS 


ST-44 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

OATA  PROCESSED  BY 

DATA  SOURCE 


CL IMATOLUGICAL  DATA 


PERIOD  OF  OBSERVATION 


1960-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! INJ 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

4.0 

31.0 

32.2 

37.2 

48.2 

58.8 

66.4 

70.9 

69.9 

67.1 

55.6 

43.9 

32.8 

a.o 

34.5 

34.6 

38.9 

48.  1 

59.7 

69.6 

72.8 

72.8 

69.6 

56.4 

46.8 

34.8 

20.0 

37.5 

36.0 

39.4 

46.6 

56.7 

65.5 

69.4 

70.0 

67.6 

59.7 

49.3 

40.7 

39.0 

41.6 

39.5 

41.2 

46.5 

54.7 

61.9 

66.7 

68.1 

67.2 

60.8 

53.2 

45.2 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DE D T H  BELOW 
SURFACE! IN) 

AVER AGF { A  ) 

AMPLITUDES) 

PHASE  ANGLE ! P ) 

STANDARD 

DEVIATION 

4.0 

51.3 

21.0 

0.70 

2.8 

8.0 

53.3 

21.0 

C.  72 

2.o 

2C.C 

53.3 

17.8 

0.86 

1.8 

39.0 

54.0 

14.7 

1.00 

1.6 

EARTH  TEMPERATURE  STATION 


$TA-« 

COLUMBUS. OHIO 


CALCUL AT 6 C  TARTH 

TEMPERATURES  AT 

SELECTED 

tEPTHS 

FOR  D1 F  FUS 1 V l T  y 

*0.025 

MONTH 

?  A 

OF 

3  53. 

YEAR 

0  1 130 

*  22. 

0  AND 

PO* 

0.65 

DEPTH  BELCW 

SURFACE ( IN )  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

?<.0  36.8 

35.9 

39.3 

<6.6 

55. < 

63.8 

69. 1 

70.1 

66. < 

59.2 

50.2 

<2.1 

<8.0  <1.7 

39. < 

<0.6 

<5.  1 

51.6 

58.  7 

6< .  1 

66.6 

65.  3 

60.0 

5<  .  0 

<7.2 

72.0  <5.8 

<2.8 

<2.5 

<<.9 

<9 .  < 

55.  1 

60.0 

63.2 

63.5 

61.0 

56.  3 

50.8 

96.0  <9.0 

<5. A 

<4.6 

<5.5 

<8  .  < 

52.6 

56.8 

60.  1 

61.  < 

60.5 

57. < 

53.3 

120.0  51.3 

<8  .  < 

<6,7 

<6.5 

<8 . 1 

51.1 

5<.  5 

57.6 

59.  < 

59.  < 

57.  7 

5< .  8 

integrated 

AVERAGE  FROM 

SURFACE  <3.0 

<  C  .  9 

<1.9 

<6.0 

51.8 

58.  1 

62.9 

65.  1 

63.9 

59.9 

53.9 

<7.8 

• 

H— 

u. 

o 

►— 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT 

SELECTED 

OlFFUSIVlTlES 

AND 

SELECT?"  DEPTHS 

DEPTH  BELO«f 

CIFFUS1VIT1ES 

SURF  AC  E (I N ) 

0.0  10 

0.020 

0.025 

0.030 

0.0<0 

2<.  0 

6  0. 1 

69.  7 

70.  1 

1  o.< 

70.8 

<8.0 

62.6 

65.  7 

66  •  6 

67.2 

68.1 

72.0 

58.2 

62.0 

63.2 

t<.0 

65.3 

96.0 

55.  1 

5H.  9 

60.  1 

61.1 

62.6 

120.0 

53.2 

56,  < 

57.6 

‘8.6 

60.  3 

INTFGRATtO 

AVERAGE  F  ROM 

SURFACE 

l  i  .  < 

6<  •  2 

65.  1 

65.7 

66.7 

TO  10  FT. 


ST-45 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


COSHOCTON, OHIO 
SILT  LOAM 
ME /DOW 

JEN-HU-CHANG 

REFERENCED) 


PERI OC  OF  OBSERVATION 


1942-1955 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELUw 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

Q 

N 

D 

0.5 

31.6 

32.0 

38.4 

48.  1 

59.2 

71.2 

75.5 

73.9 

69.9 

55.5 

41.6 

33.0 

3.0 

32.6 

32.5 

38.0 

46.6 

57.9 

69.2 

72.8 

71.4 

65.7 

54.8 

42.4 

34.3 

6.0 

33.0 

32.9 

38.5 

47.6 

50.2 

69.4 

72.9 

72.0 

67.1 

56.9 

44.8 

4  3.0 

12.0 

34.6 

33.9 

38.0 

46.4 

55.6 

65.8 

70.5 

70.2 

65.9 

57.3 

46.7 

37.7 

24.0 

36.6 

35.0 

38.8 

46.2 

65.0 

63.4 

68.8 

68.6 

65.5 

57.6 

48.3 

38. B 

RESILTS  OF  LEAST  SQUARES  ANALYSIS 


depth  below 
SURFACE! IN) 

AVERAGE (A) 

AMPLITUDE(B) 

PHASE  ANGLE ! P ) 

STANDARD 

DEVIATION 

C .  5 

52.6 

23.2 

0.67 

1.7 

3.0 

51.6 

21.2 

C  .  68 

1.2 

6.0 

53. 1 

20.2 

0.76 

1.9 

12.0 

52.0 

19.1 

C  .  80 

0.6 

24.0 

52.0 

19.4 

0.84 

0.7 

EARTH  TEMPER ATURE  STATION 


STA-45 

COSHOCTON, OHIO 


CALCULATEC  EARTH  TEMPERATURES  AT  SfcLECTEO  DEPTHS 

P(JR  01  FEUS  I V I  TY*0.0?5»  A*  52.0  ,ttO*  22.  C  AND  PO*  0.67 

MONTH  OF  YEAR 

DEPTH  BEl_nn 


SURFACE l IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

ij 

N 

24. 0 

35.9 

34.9 

58.  1 

45.3 

54.1 

62.5 

67.9 

69.2 

65.6 

58.6 

49.5 

41. 

48.0 

40.9 

38.4 

39.5 

43.9 

50.4 

57.5 

62.9 

65.5 

64.4 

60.0 

53.1 

46. 

72.0 

45.0 

41.9 

41.4 

43.8 

4g  .  2 

53.9 

58.8 

62.1 

62.5 

60.2 

55.5 

50. 

96.0 

48.1 

44.» 

43.6 

44.4 

47.2 

51.4 

55.7 

59.0 

60.4 

59.5 

56.6 

52. 

120.0 
integrated 
AVERAGE  FROM 

50.4 

47.5 

45.7 

45.5 

47.1 

5C.0 

53.4 

56.5 

58.4 

58.  5 

56.8 

53. 

SURFACE 

TO  10  FT. 

42.  1 

39.9 

40.8 

44.8 

50.5 

56.9 

61.7 

64.1 

63.0 

59.  1 

53.2 

47. 

CALCULATEC  AUGUST  EARTH  TEMPERATURE  AT 

SELECTEO 

OIFFUSI VI  TIES 

AND 

selected  depths 

DEPTH  9ELUW 

CIFFUSIV1T  IES 

SURFACE! IS) 

0.010 

G.020 

0.025 

0.030 

0.C40 

24.0 

67.1 

68.  7 

69.2 

t  9.5 

69.9 

4  5.0 

61.6 

64.7 

65.5 

66.2 

67.  1 

72.0 

57.  1 

60.  9 

62.  1 

1 3. 0 

64.2 

96.  n 

54.0 

57.  8 

59. U 

60.0 

6  1.6 

120.0 

52.2 

55.  3 

56.5 

5  7.5 

55.2 

integrated 

AVERAGE  FROM 

surface 

60.4 

6  3.2 

o4 . 1 

64. 7 

65.  7 

TO  10  FT. 


!  -  *»  i1 


6 AH T h  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

OATA  PROCESSED  HY 

DATA  SOURCE 


BARNjDALL.CiKL  A. 

UNKNOWN 

UNKNOWN 

JEE-HU-CHANG 

REFERENCED) 


PERIOD  OF  OBSERVATION 


1952 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACEl IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.9 

41.1 

43.0 

44.8 

54.3 

66.3 

76.0 

80.8 

81.2 

73.2 

65.0 

47.9 

41.6 

7.9 

42.6 

44.4 

46.4 

55.7 

67.2 

77.0 

81.3 

82.6 

74.6 

66.4 

50.2 

43.3 

11.8 

46.  1 

47.4 

49.6 

58.7 

67.8 

75.6 

79.2 

81.7 

75.0 

68.6 

54.8 

46.4 

19.7 

50.0 

50.2 

52.6 

59.6 

68.6 

76.  3 

80.5 

81.6 

76.8 

70,9 

58.0 

50.1 

39.4 

52.8 

52.2 

53.9 

58.  3 

66.0 

73.2 

75.1 

81.4 

78.2 

74.6 

63.6 

55.4 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE (IN ) 

AVERAGE ( A ) 

AMPLITUDES) 

PHASE  ANGLE  I P ) 

STANDARD 

DEVIATION 

3.9 

60.0 

21.3 

0.68 

>  • 

2.3 

7.9 

61.1 

20.9 

C.  70 

2.1 

11.8 

62.7 

18.3 

0.73 

1.7 

19.7 

64.7 

16.8 

C.  77 

1.6 

39.4 

65.5 

14.4 

1.01 

1.7 

EARTH  TEMPERATUR  F  STATION 


S  T  A  -  4  6 

bAKNSDAll.OKl A. 


CALCULATEC  r  A  R  T  H  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  IHFFUSIVI TY=0.025t  A=  65.0  ,B0  =  21.0  AND  P0=  0.65 

MCNTH  OF  YEAR 

DEPTH  BELOW 


SURF  AC  E 1  IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

Li 

N 

D 

2-4-0 

49.5 

48.7 

51.9 

58.9 

67.3 

75.3 

80.3 

81.3 

77.8 

71.0 

62.  3 

54.6 

48.0 

54.2 

52.0 

53.1 

57.5 

63.7 

70.5 

75.6 

78.0 

76.7 

72.4 

66.0 

59.4 

72.0 

58.1 

55.3 

54.9 

57.  3 

61.6 

67.0 

71.7 

74.7 

75.0 

72.  ' 

68.2 

62.9 

96.0 

61.2 

58.2 

67.0 

57.8 

60.6 

64.6 

68.7 

71.8 

73.  1 

72. 1 

69.2 

65.3 

120.0 

INTEGRATED 
AVERAGE  FROM 

6  3.4 

60.6 

58.9 

58.8 

60.4 

63.2 

66.5 

69.4 

71.1 

71.2 

69.5 

66.7 

SURFACE 

TO  10  FT. 

55.4 

53.5 

54.4 

58.3 

63.8 

69.  9 

74. < 

76.5 

75.4 

71.6 

65.9 

60.1 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVI TIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

DIFFUSIVIT1ES 

SURFACE (IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

79.4 

80.9 

81.3 

El. 6 

82.0 

48.0 

74.2 

77.2 

78.0 

78.5 

79.4 

72.0 

70.0 

73.6 

74.  7 

75.5 

76.7 

96.0 

67.0 

70.6 

71.8 

12. 8 

74.2 

120.0 

INTEGRATED 

AVERAGE  FROM 

65.2 

68.2 

69.4 

70.4 

71.9 

SURFACE 

TO  10  FT. 

73.0 

75.  7 

76.5 

77.2 

78. 1 

S  I  -  4  1 


EARTH  TEMP*  RAT'jRfc  STATION 

TYPE  CF  SOU 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


MOM  NY  *  'Z"\  A  . 
UNKNOWN 
UNKNOWN 
JE  N-HIJ-CHANG 
RE  FER6NCE ! 5 ) 


PER  IOC  OF  OBSERVATION 


1950-1952 


OBSERVE 0  MONTHLY  AVERAGE  EARTH  TEMPtRATURES 


MONTH  OF  YEAR 


DEPTH  BELOW 
SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.9 

46.2 

46.4 

50.2 

57.5 

68.1 

77.8 

84.7 

84.8 

79.2 

69.4 

55.7 

49.0 

7.9 

44.4 

44.7 

48.7 

55.8 

67.5 

77.9 

85.1 

85.4 

79.4 

68.6 

54.3 

46.8 

11. 8 

45.8 

46.0 

49.8 

56.7 

67.7 

76.8 

83.5 

83.8 

78.2 

68.9 

55.3 

48.7 

19.7 

48.9 

46.6 

50.0 

56.  6 

67.8 

76.7 

83.2 

83.0 

78.0 

68.4 

59.2 

48.2 

39.4 

48.4 

45.7 

49.1 

55.9 

66.0 

73.8 

80. 1 

82.1 

77.1 

68.2 

61.6 

47.3 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 
SURFACE! INI 

AVERAGE ( A } 

AMPLITUDES) 

PHASE  ANGLE ( P ) 

STANDARD 

deviation 

3.9 

64.2 

20.2 

C.  78 

1.6 

7.9 

63.  3 

21.5 

C.  77 

1.8 

11.8 

63.5 

19.9 

0.78 

1.5 

19.7 

64.0 

18.9 

C.80 

1.7 

39.4 

63.0 

18.2 

0.87 

1.8 

fARf«-  TE**eE«ur  ije.t  *7  AT  ION 


HOMINY*  OK  LA 


5TA-47 


CALCULATEC  EARTH  TEMPERATURES  AT  SELECTEO  CEPl >H 

FOR  DIFFUSIV!TY=0.025,  A-  63.0  .BU  =  21.0  AND  PQ*  0.73 

MONTH  OF  YEAR 

DEPTH  BELOW 

SURFACE  I  IN )  JFMAMJJASOND 

24.0  48.0  46.5  49.2  55.7  64.0  72.2  77.8  79.5  76.6  70.2  61.6  53.7 

48.0  52.8  5C.2  50.7  54.7  60.7  67.5  72.9  75.8  75.1  71.3  65.0  58.4 

72.0  56.8  53.6  52.8  54.8  58.8  64.2  69.0  72.4  73.2  71.2  66.9  61.8 

96.0  59.7  56.5  55.0  55.6  58.1  62.0  66.1  69.4  71.0  70.4  67.8  63.9 

120.0  fcl.9  58.9  57.1  56.7  58.0  60.7  64.0  67.0  68.9  69.3  67.9  65.2 

INTEGRATED 
AVERAGE  FROM 

SURFACE  54.0  51.6  52.1  55.6  60.9  67.0  71.8  74.4  73.8  70.4  64.8  58.9 
TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTEO  OIFFUS I VI T I ES 
AND  SELECTED  OEPTHS 

DEPTH  BELOW  DIFFUSIVIT  I  ES 


SURFACE ( I N 1 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

77.3 

79.  1 

79.5 

79.  8 

80.2 

48.0 

71.9 

75.  0 

75.8 

76.5 

77.3 

72.0 

67.6 

71.  3 

72.4 

73.3 

74.5 

96.0 

64.  7 

68.2 

69.4 

70.4 

71.9 

120.0 

INTEGRATED 
AVERAGE  FROM 

63.0 

65.  8 

67.0 

68.0 

69.6 

SURFACE 

TO  10  FT. 

70.8 

73.6 

74.4 

75.1 

76.0 

EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CE  EARTH  SURFACE 

DATA  PROCESSED  BY 

OATA  SOURCE 

PER  I OC  OF  OBSERVANT 


S  I  -48 

L  A*  E  ^EFKfR,0«l  A. 

UNKNOWN 

UNKNOWN 

JF  K-HU-CHANG 

REFERENCE l 5  t 

1950-1952 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

3.9 

39.3 

41.7 

49.1 

58.  3 

72.0 

81.0 

81.9 

83.6 

75.6 

70.7 

51.8 

41.9 

7.9 

41.3 

41.5 

49.0 

57.  3 

69.0 

80.2 

86.6 

86.5 

78.6 

71.8 

53.7 

44.9 

11.8 

44.7 

43.5 

49.8 

59.4 

69.8 

78.8 

81.8 

84.5 

7e.i 

74.6 

58.6 

47.9 

39.4 

49.  1 

46.7 

50.5 

56.5 

65.8 

73.2 

77.8 

81.0 

77.4 

74.1 

64.6 

53.3 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE! IN) 

AVERAGE (A) 

AMPLITUDE(B) 

PHASE  ANGLE ! P ) 

standard 

DEVIATION 

3.9 

62.4 

22.9 

C.  66 

2.4 

7.9 

63.5 

23.5 

C .  75 

1.7 

11.8 

64.4 

20.7 

C .  80 

2.0 

39.4 

64.3 

16.9 

1.00 

1.3 

EARTH  TEMPERATURE  STATION 


S  T  A-4R 


LAKE  HEFNER, OKI  A. 


CALCUL AT tD  FARTH  TEMPERATURES  AT  SELECTED  CEPTMS 

FOR  DIFFUSIVITY*0.025»  A*  64.0  ,B0*  23.0  AND  P0»  0.63 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! INI 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

46.9 

46.2 

49.9 

57.  7 

66.9 

75.6 

80.9 

81.8 

77.8 

70.2 

60.7 

52.3 

48.0 

52.0 

49.8 

51.1 

56.0 

62.9 

70.2 

75.7 

78.2 

76.7 

71.9 

64.8 

57.7 

72.0 

56.3 

53.3 

53.0 

55.7 

60.5 

66.4 

71.5 

74.7 

74.9 

72.3 

67.3 

61.5 

96.0 

59.6 

56.4 

55.2 

56.2 

69.3 

63.8 

68.2 

71.5 

72.8 

71.7 

68.5 

64.2 

120.0 

6  2.1 

59.1 

57.3 

57.3 

59.0 

62.2 

65.7 

68.9 

70.7 

70.7 

68.9 

65.8 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

53.4 

51.3 

52.5 

56.9 

63.0 

69.5 

74.4 

76.6 

75.3 

71.0 

64.  7 

58.4 

TO  10  FT. 


CALCULATED  AUGUST  FARTH  TEMPERATURE  AT  SELECTED  DI FFUS I  V I TI ES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

01 FFUS IV I T  i tS 

SURFACE  1 1 N I 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

79.7 

81.4 

81.8 

82 .  J 

82.6 

48.0 

74.  1 

77.4 

78.2 

78.8 

79.7 

72.0 

69.  5 

73.5 

74.7 

75.6 

76.9 

96.0 

66.  3 

70.2 

71.5 

72.6 

74.  1 

120.0 

INTEGRATED 
AVERAGE  FROM 

64.3 

67.6 

68.  i 

70.0 

71.7 

SURFACE 

TU  10  FT. 

72.8 

75.3 

76.6 

77.3 

78.3 

S  I 


t A« T ♦“  TE«PERATU»F  STATION 

TYPE  CP  S"IL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


PAWHUSKA.OKIA 
UN*NUwN 
UNKNOWN 
JEF-MU-CMANg 
REFERENCE ( 5 ) 


PER ! C_  Of  OBSERVATION 


1950-1952 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTt-  BELOW 


JR  FACE  TIN 

l  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

1 

3.9 

A  1 . 0 

A 1 . 2 

A5. 1 

56.  1 

69.  1 

80.6 

81.7 

82.6 

7A.A 

65.6 

AH. A 

A  l  .  A 

7.9 

39.3 

AO. 8 

A3. 8 

63.9 

65.8 

76.  6 

79.8 

80.8 

73.  1 

6A.A 

A8.2 

A  1 . 2 

11.8 

A  A.  6 

A  A  ,  A 

A8.0 

56. A 

65.5 

7A.  A 

78. A 

80.8 

7A.1 

67.6 

55.2 

A6.8 

19.7 

Ao.  6 

A6.3 

A9.2 

5  A  .  1 

6A.5 

72.  1 

77.0 

78.7 

7  A.  8 

69.0 

58. A 

A9.6 

39.  A 

50.2 

A9.0 

50.5 

5A.6 

63.2 

67.  A 

73.6 

76.5 

7A.8 

70.2 

62.2 

5A.1 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 

DEPTH  BELOW  STANDARD 


SURFACE! IN! 

AVER AGF ( A  ) 

AMPL ITUDE(B) 

PHASE  ANGLE  I P ) 

DEVIATION 

3.3 

6u.  7 

22.8 

C.65 

2.  1 

7.9 

59.  1 

21. e 

C*  69 

i.P 

11.8 

61.5 

18.5 

C.  78 

1.  1 

19.7 

61.8 

16.8 

0.89 

1.0 

39. A 

62.2 

13.9 

1.06 

1.0 

EARTH  TEMPERATURE  STATION 


ST  A -M 

PA..HUSKA,OKLA 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 


FOR  DIFFU<iIVlTY*Q.025 

.  A 

=  62. 

0  ,bO 

=  22.0 

AND 

PO* 

0.61 

MONTH 

OF 

YEAR 

DEPTH  BELOW 

SURFACE! IN)  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0  45.5 

45.0 

48.8 

56.3 

65.1 

73.3 

78.3 

79.0 

75.0 

67.6 

58.5 

50.6 

48.0  50.4 

48.4 

49.8 

54.6 

61.2 

68.2 

73.4 

75.6 

74.0 

69.3 

62.5 

55e  7 

72.0  54.5 

51.7 

51.5 

54.2 

58.8 

64.  5 

69.3 

72.3 

72.4 

69.8 

64.9 

59.4 

96.0  57.7 

54.7 

53.6 

54.7 

57.7 

6’  .9 

66. 1 

69.3 

70.4 

69.3 

66.1 

6?.0 

120. 0  60.) 

57.2 

55.6 

55.6 

57.3 

60.4 

63.8 

66.8 

68.5 

68.4 

66.5 

63.6 

INTEGRATED 

AVERAGE  FROM 

SURFACE  51.7 

49.0 

51.1 

55.4 

61.3 

67.5 

72.1 

74.  1 

72.7 

68.5 

62.4 

56.4 

TO  10  FT. 

CALCULATED]  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DI FEUS  I V I T  I ES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

OIFFUSIVITIES 

SURFACEl IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

77. 0 

78.6 

79.0 

79.3 

79.7 

48.0 

71.8 

74.0 

75.6 

76.2 

77.0 

72.0 

67.4 

71.2 

72.  3 

73.1 

74.3 

96.0 

64.3 

68. C 

69.  3 

70.3 

71.8 

120.0 

INTEGRATED 

AVERAGE  FROM 

62.4 

65.  5 

66  •  6 

67.8 

6  9.4 

SURFACE 
r|i  .0  FT. 

70.5 

73,  3 

■*/  ’ 

4k 

74.8 

75.  7 

l,  T  -  5  0 


EARIr.  TEMPERATURE  STATION 

TYPE  C  F  SOIL 

TYPE  CF  f«!H  SURFACE 

DATA  PROCESSED  BY 

OAT  A  SOURCE 


or  ta«a, Ontario 

UNKSJNN 
UNKNOWN 
t-  F. PENROD 
RFFFRENCE 10 ) 


PER  1 OC  OE  OBSERVATION 


1050 


OBSERVED  BON  THEY  AVERAGE  EARTH  TEMPERATURE S 

MONTH  OF  .'EAR 

DEPTH  BELOW 


SURFACE  1  IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

G 

N 

D 

12.0 

32.6 

30.6 

30.8 

35.0 

49.7 

58.? 

66.0 

63.6 

56.9 

48.2 

40.2 

34.8 

24.0 

34.9 

33.6 

33.0 

34.  6 

45.8 

5  7.2 

64.  1 

63.4 

58.8 

51.6 

43.5 

38.1 

46.0 

40.2 

38.3 

36.7 

36.6 

41.9 

50.  1 

56.3 

58.8 

57.9 

54.  1 

40.4 

42.8 

96.0 

46.0 

44.5 

43.1 

41.9 

41.6 

4  3.9 

47.5 

50.5 

52.3 

52.  7 

51.4 

48.4 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE! IN) 

AVERAGF(A) 

AMPLITUOEIB) 

PhASE  ANGLE  1 P  # 

STANDARD 

DEVIATION 

12.0 

45.6 

17.5 

C.  83 

2.9 

24.0 

46.6 

15.9 

L.  98 

2.7 

48.0 

46.9 

11.3 

1.31 

1.6 

96.0 

47.0 

5.4 

<.0l 

0.7 

CALCULATED  FARTH  TEMPERATURES  AT  OBSERVED  DEPTHS  I • ) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE  I  IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

12.0 

30.0 

29.8 

33.9 

4  i  *  8 

50.8 

59.  1 

63.9 

64.2 

59.8 

52.1 

42.7 

34.8 

24.0 

33.6 

32-1 

34.4 

40,2 

47.7 

55.2 

60.  3 

6  1.9 

59.4 

^3.6 

45.9 

38.7 

48.0 

39.5 

36.8 

3f  7 

39.3 

4  3.9 

49.5 

54.3 

57.2 

57.3 

54.6 

49.8 

4  4.4 

96.0 

46.5 

43.9 

42.2 

41.7 

4  2  .ft 

44.  7 

47.4 

50.0 

51.9 

52.3 

51,4 

49.  3 

1*1  BASIC  PARAMETERS  USEO  FOR  THE  CALCULATION 


A  «47.0,BO«21.0,PC»n.64  ,P«.OW 


S’A-50 


EARTH  TE*‘Jt  BATURt  STATION 


i  T  ?  At«A  ,  ON T AW  1  U 


CALCULATED  FARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DlFFuSIVlTY*0.025,  A*  47.0  foU*  21. C  AND  P0«  0.64 

MCNTH  OF  year 


DEPTH  BELOW 

SURFACE ( IN) 

J 

F 

M 

A 

M 

?4 .0 

31.5 

30.7 

34.0 

41.1 

49.5 

48.0 

36.2 

34.0 

35.2 

39.6 

45.8 

72.0 

40.  I 

37.2 

36.9 

39.  3 

43.7 

96.0 

43.  1 

40.  I 

39.0 

39.9 

42.7 

I2C.0 

45.3 

42  5 

40.9 

40.9 

42.4 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

37.4 

35.5 

36.5 

40.4 

45.9 

TC  10  FT. 

J 

J 

A 

S 

0 

N 

D 

57. 

4 

62. 

4 

63. 

3 

59. 

7 

52. 

8 

44. 

.  1 

36, 

.5 

52. 

6 

57. 

7 

60. 

0 

58. 

7 

54. 

3 

47. 

.8 

41. 

.3 

49. 

1 

53. 

7 

56. 

7 

57. 

0 

54. 

6 

50. 

.  1 

44. 

.8 

46. 

7 

50. 

7 

53. 

8 

55. 

1 

54. 

1 

51. 

.2 

47. 

.2 

45. 

3 

48. 

5 

51. 

4 

53. 

1 

53. 

1 

51. 

.5 

48. 

,7 

52. 

0 

56. 

5 

58. 

5 

57. 

4 

53. 

5 

47. 

.8 

42. 

.0 

CALCULATEC  AUGUST  EARTH  TFMPFRATURE  AT  SELECTED  Dl FFUS I V I T I F S 
AND  SELECTED  DEPTHS 


DEPTH  BEICW 

CIFFUSIVITIES 

SURFACE ( IN ) 

0.010 

0.020 

0.  025 

C.030 

0.040 

24.0 

61.4 

62.9 

63.  > 

63.6 

64.0 

43.0 

56.2 

59.2 

60.0 

60.6 

61.4 

72.0 

52.0 

5r  •  7 

56.  7 

57.5 

58.  7 

96.0 

49.0 

52.  fc 

53.6 

54.8 

56.2 

120.0 

i NTEGRATED 

AVERAGE  FROM 

47.2 

50.  3 

51.4 

52.4 

54-0 

SURFACE 

TO  10  FT. 

55.0 

5  7.  7 

58.5 

59.2 

60.  1 

EARTH  TEMPERATURE  STATION 

TYPE  OF  SOIL 

TYPE  CF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PERICO  OF  OBSERVATION 


SI-51 

CORVALLIS, OREGON 
CLAY  LOAM 
UNKNOWN 

CLIMATOLOGICAL  DATA 
1961-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH 

OF 

YEAR 

DEPTH  BELOW 
SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

2.0 

40.0 

44 .  S 

46.5 

54.  1 

58.0 

70.6 

78.0 

75.2 

65.6 

54,6 

45.1 

40.9 

4.0 

40.0 

43.6 

45.2 

52.5 

54.0 

68.5 

75.2 

74.3 

65.9 

54.9 

45.6 

41.8 

8.0 

38.6 

43.1 

43.1 

50.7 

54.5 

66.  L 

72.9 

72.3 

63.7 

53.8 

44.9 

40.5 

20.0 

44.0 

46.3 

46.8 

53.4 

56.5 

65.  3 

72.1 

73.2 

68.4 

60.8 

52.4 

45.0 

40  <.  0 

46.3 

46.7 

46.7 

50.7 

53.2 

59.3 

62.4 

67.7 

66.7 

62.3 

55.7 

49.9 

RFSUI.TS  OF  LEAST 
DEPTH  BELOW 

SURFACE! IN)  AVERAGE ( A ) 

SQUARES  ANALYSIS 

AMPLITUOE(B)  PHASE 

ANGLE  t  P ) 

STANDARD 

DEVIATION 

2.0 

56.0 

17.9 

C.  56 

3.3 

4.0 

55.0 

16.9 

C.  64 

3.6 

8.0 

53,6 

16.4 

C.  65 

3.0 

20.0 

57.0 

14.5 

0.81 

2.4 

40.0 

55.7 

10.7 

1.13 

1.7 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 


MONTH 

QF 

YEAR 

DEPTH  BELOW 
SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

2.0 

38.5 

40.6 

46.4 

55.2 

63.9 

70.8 

73.5 

71.5 

65.2 

56.7 

47.7 

41.2 

4.0 

39.0 

40.8 

46.3 

54.  7 

63.3 

70.  1 

72.9 

71.3 

65.4 

57.1 

48.3 

41.9 

3.0 

40.  1 

41.3 

46.1 

53.9 

62.0 

68.7 

71.9 

70.8 

65.6 

58.0 

49.6 

43.2 

20.0 

43. C 

42.9 

46.0 

51.9 

58.8 

65.2 

68.9 

69.2 

65.8 

59.9 

52.8 

46.8 

40.0 

47.5 

45.9 

46.9 

50.3 

55.2 

60.5 

64.4 

66.1 

65.0 

61.6 

56.5 

51.4 

(  •)  BAS IC  PARAMETERS  USE 


FOR  THE  CALCULATION 


=  56.0,80=18.0, PC*0. 53  ,C=.012 


A 


EARTH  TEMPERATURE  STATION 


ST  A  —  5 ). 


CORVALLIS, OREGON 


CALCULATED  CARTH  TEMPERATURES  AT  SELECTED  CEPTHS 


FOR  DIFFUSIVITV 

=0.025 

MONTH 

,  A 

OF 

=  56. 

YEAR 

0  ,BG 

=  IB. 

0  AND 

P0  = 

0.53 

DEPTH  BELOw 

SURFACE (IN )  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0  42.2 

42.4 

45.9 

52.4 

59.6 

66.  1 

69.7 

69.6 

65.8 

59.5 

52.0 

45.9 

48.0  46.1 

44.9 

46.4 

50.  7 

56.2 

61.9 

65.8 

67.1 

65,4 

61.2 

55.5 

50.  L 

72.0  49.4 

47.4 

47.6 

50.  1 

.1 

58.7 

62.5 

64.6 

64,  3 

61.8 

57.7 

5  i.  2 

96.0  52.0 

49.7 

49.1 

51 . 3 

^  ,9 

56.5 

59.8 

62.2 

62.9 

61.  7 

58.9 

55.4 

120.0  54.0 

51.8 

SO.  V 

50. T 

52. c 

55.  1 

57.9 

60.2 

61.4 

6 1  .  t 

59.4 

56.8 

INTEGRATED 

AVERAGE  FROM 

SURFACE  47.2 

46.1 

47.5 

51.3 

56.2 

61.2 

64.7 

65.9 

64.4 

60.7 

55.6 

50.7 

TO  10  FT. 


CALCUL«TFC  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  D1 FFUS  I V I  T  I HS 
AND  SELECTED  DEPTHS 


DEPTH  BELO* 

D I FFUS IV I T  SES 

SURFACE  {IN', 

0.010 

0.020 

0.025 

C.  030 

0.040 

24.0 

68.2 

69.4 

69.6 

69.8 

70.1 

48.0 

64.2 

66.5 

67.  1 

6  7.6 

6R.2 

72.0 

60.7 

63.7 

64.6 

65.2 

66.2 

96.0 

58.  1 

61.2 

62.2 

63.0 

64.2 

120.0 

INTEGRATED 

AVERAGE  FROM 

56.5 

59.2 

60.2 

61.0 

62.3 

SURFACE 

TO  10  FT. 

63.0 

65.  3 

65.9 

66.4 

67.2 

ST-52 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  8Y 

DATA  SOURCE 


PENDLETON, OREGON 
LIGHT  SOIL 
THIN  GRASS 
E.KFITTQN 
REFERENCED) 


PER  IOC  OF  OBSERVATION 


IftSO 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


URFACEUN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

4.0 

26.7 

37.3 

44.9 

62.2 

72,3 

74.2 

84.6 

83.3 

73.2 

57.4 

45.8 

40.9 

8.0 

27.8 

36.6 

40.9 

55.3 

66.3 

68.4 

77.6 

75.8 

66.5 

53.7 

43.2 

41.8 

12.0 

30.4 

37.1 

39.8 

52.2 

63,1 

65.8 

73.7 

73o  3 

65.7 

54.  1 

45.2 

40.5 

24.0 

34.6 

38.1 

40.1 

50.1 

60.9 

63.7 

71.0 

71.7 

66.7 

57.3 

48.5 

45.0 

RESL 

1_TS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 

STANDARD 

SURFACE! IN) 

AVERAGE  J  A) 

AMPLITUDc(B)  PHASE 

ANGLE  I P ) 

DEVIATION 

4.0 

58.2 

26.4 

0  .52 

3.6 

8.0 

54.0 

22.9 

C.  54 

2.6 

12.0 

53.2 

20.4 

0.62 

2.1 

24.0 

53,7 

18.0 

C.  75 

1.7 

MOfw  TLMf'Ef'aTURc  STATION 


STA-52 


PENDLETON, OREGON 


CALCULATED  ^ARTH  TEMPERATURES  AT  SELECTED  cepths 

FOR  DIFFUSIVITY =0.025,  A  =  53.0  ,60=  26.0  AND  P0»  0.48 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE I  IN ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

32.9 

33.6 

39.2 

48.8 

59.2 

68.3 

73.0 

72.4 

66.4 

57.0 

46.3 

37.6 

48.0 

38.  3 

37.0 

39.6 

46.0 

54.1 

62.  1 

67.5 

69.0 

66.1 

59.8 

51.5 

43.8 

72.0 

43.0 

4C.5 

41.1 

45.0 

50.9 

57.5 

62.8 

65.5 

64.8 

60.9 

54.8 

48.4 

96.0 

46.8 

43.8 

43.1 

45.0 

49.0 

54.2 

59.0 

62.2 

62.9 

60.9 

56.7 

51.7 

120.0 

49.8 

46.6 

45.2 

45.8 

48.3 

52.  1 

56.1 

59.3 

60.8 

60.2 

57.6 

53.8 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

o 

• 

o 

38.7 

41.1 

46.3 

54.0 

61.  1 

65.9 

67.3 

64.7 

59.1 

51.6 

44.8 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSI VITIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

01 FFUS IV I  TIES 

SURFACEI IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

70.5 

72.0 

72.4 

12.1 

73.0 

48.0 

65.0 

68.2 

69.0 

69.7 

70.5 

72.0 

60.0 

64.  3 

65.5 

66.4 

67.7 

96.0 

56.3 

60.  8 

62.2 

63.3 

65.0 

120.0 

INTEGRATED 
AVERAGE  FROM 

53.9 

57.9 

59.3 

60.5 

62.3 

SURFACE 

TO  10  FT. 

63.2 

66.  4 

67.3 

68.0 

69.0 

S  T  -  *7 1 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

OATA  PROCESSED  BY 

DATA  SOURCE 


CALHOUN, S.C. 

UNKNOWN 

BARE 

jEK-h'J- CHANG 
REFERENCE l 5 ) 


PER  I OC  OF  OBSERVATION 


1950-1951 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

2.0 

40.0 

41.0 

49,4 

57.3 

69.2 

75.  1 

78.1 

77.2 

70.8 

59.0 

43.7 

40.4 

12.0 

42.6 

44.1 

51.4 

57.7 

T0 . 6 

76.8 

80.2 

80.7 

74.7 

67.1 

51.9 

44.0 

IB  .0 

45.8 

46.6 

03.5 

59,  1 

71.6 

77.5 

81.3 

82.0 

77.3 

68.1 

56.6 

47.4 

24.0 

47.3 

47.0 

53.5 

58.  1 

70.6 

76.5 

80.6 

81.2 

77.6 

70.4 

59.0 

49.6 

36.0 

48.7 

47.8 

52.7 

56.4 

67.5 

73.  i 

78.2 

78.8 

77.0 

71.1 

62.1 

52.8 

48.0 

50.4 

49.2 

52.6 

55.6 

65.0 

70.4 

76.2 

77.3 

76.6 

71.6 

64.2 

55.9 

60.0 

52.9 

51.2 

53.4 

56.3 

64.1 

69.4 

74.7 

75.9 

76.6 

72.8 

66.7 

59.3 

72.0 

54.7 

52.4 

53.7 

55.9 

62.5 

67.9 

71.9 

74.3 

75.3 

72.8 

67.7 

61.6 

RESULTS  OF  LEAST 
DEPTH  BELOW 

SURFACE! IN)  AVERAGE ( A ) 

SQUARES  ANALYSIS 

AMPLITUDEIBJ  PHASE 

ANGLE (P) 

STANDARD 

DEVIATION 

2.0 

58.5 

20.5 

C.  51 

2.0 

12.0 

61. 9 

19.9 

0.65 

1.7 

18.0 

64.0 

18.9 

C.  69 

1.4 

24.0 

64.4 

17.9 

0.77 

1.4 

36.0 

63.9 

16.0 

t.  91 

1.2 

48.0 

63.8 

14.4 

1.04 

0.9 

60.0 

64.5 

12.9 

1.  16 

0.9 

72.0 

64.3 

11.5 

1.28 

0.9 

CALCULATED  EARTH 

TEMPERATURES  AT 

OBSERVED 

DEPTHS ! * 

MONTH  OF 

YEAR 

DEPTH  BELOW 

SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

2.0 

42.4 

45.5 

53.1 

64.1 

74.7 

82.7 

85.6 

82.6 

''4.4 

63.8 

52.8 

45.2 

12.0 

44.5 

46.3 

52.5 

62.1 

72.0 

79.9 

83.4 

81.7 

75.  1 

65.7 

55.6 

40.0 

18.0 

45.7 

46.9 

52.3 

61.2 

70.5 

78.4 

82.2 

81.2 

75.3 

66.7 

57.0 

49.5 

24.0 

47.0 

47.5 

52.2 

60.3 

69.2 

76.9 

81.0 

80.5 

75.5 

67.5 

58.4 

51.0 

36.0 

49.3 

48.9 

52.2 

59.0 

66.8 

74.1 

78.6 

79.1 

75.5 

68.9 

60.8 

53.8 

48.0 

51.5 

50.  3 

52.6 

58.0 

64.9 

71.7 

76.3 

77.7 

75.2 

69.9 

62.7 

56.2 

60.0 

53.6 

51.8 

53.1 

57.4 

63.4 

69.6 

74.2 

76.2 

74.7 

70.5 

64.3 

58.3 

72.0 

55.5 

53.3 

53.8 

57,1 

62.2 

67.8 

72.3 

74.7 

74.  1 

70.8 

65.6 

60.1 

(*)  BASIC  PARAMETERS  USEO  FOR  THE  CALCULATION 
A  *64.0,B0*22.0,PO0.49  ,0*.02b 


EARTH  TEMPERATURE  STATION 


CALHOUNtS.C 


STA-53 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FUR  D!FFUSlVlTY*0.025i  A*  64.0  ,BO  22.  C  AND  PO*  0.49 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACEl IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

47.0 

47.6 

52.2 

60.3 

69.1 

76.8 

80.9 

80.5 

75.5 

67.6 

58.5 

51.1 

48.0 

51.6 

50.4 

52.6 

58.0 

64.8 

71.6 

76.2 

77.6 

75.2 

69.9 

62.8 

56.3 

72.0 

55.6 

53.4 

53.9 

57.1 

62.1 

67,7 

72.2 

74,6 

74.0 

70.8 

65.6 

60.2 

96.0 

58.9 

56.2 

55.6 

57.2 

60.6 

65.0 

69.0 

71.8 

72.4 

70. B 

67.2 

63.0 

120.0 

61.3 

58.7 

57.4 

57.9 

59.9 

63.2 

66.5 

69.3 

70.6 

70.1 

67.9 

64.8 

INTEGRATED 

AVEkAGE  FROM 

SURFACE 

53.0 

51.9 

53.9 

58.6 

64.7 

70.8 

74.9 

76.1 

74.0 

69.  3 

63.0 

57.1 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DI FFUS I V I T I  ES 
ANO  SELECT  €0  OEPf^S 


DEPTH  BELOW 

Cl FFUS IV I T IES 

SURFACEl IN) 

0.010 

0.020 

0.025 

C.  030 

0.040 

24.0 

78.8 

80.2 

80.5 

80.7 

81.0 

48.0 

74.  1 

76.9 

77.6 

78.1 

78.8 

72.0 

69.9 

73.5 

74.6 

75.4 

76.5 

96.0 

66.8 

70.5 

71.8 

72.7 

74.1 

120.0 

INTEGRATED 
AVERAGE  FROM 

64.8 

68.  1 

69.3 

70.3 

71.9 

SURFACE 

TO  10  FT. 

72.6 

75.  3 

76.1 

76.7 

77.6 

UNION, S.C. 
SANDY  LOAM 
CRASS  SOD 


ST-54 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

OATA  PROCESSEO  BY 

DATA  SOURCE 


CLIMATOLOGICAL  DATA 


PERIOD  OF  OBSERVATION 


1960-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF 

YEAR 

DEPTH  BELOW 
SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

L.O 

37.0 

39.7 

42.8 

54.1 

65.7 

73.1 

76.4 

75.6 

72.2 

59.9 

51.7 

38.9 

4.0 

38.6 

41.3 

44.1 

54.9 

66.2 

73.1 

77.1 

76.7 

72.9 

62.0 

53.3 

41.  G 

12.0 

40.9 

43.5 

46.2 

56.1 

67.2 

74.1 

78.1 

78.2 

74.6 

65.2 

56.5 

43.8 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE! IN) 

AVERAGE (A ) 

AMPLITUDES) 

PHASE  ANGLE ! P ) 

STANDARD 

DEVIATION 

1.0 

57.3 

20.4 

C.68 

2.8 

4.0 

58.5 

19.8 

0.70 

2.8 

12.0 

60.4 

19.2 

C.  75 

2.8 

EARTH  TEMPERATURE  STATIUN 


UNION, S.C 


STA- 54 


CALCULATED  GARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  DIFFUSIVITY *0.025,  A*  59.0  ,B0*  20.0  AND  PO*  0.67 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE ( IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

44.4 

43.4 

46.4 

52.9 

60.9 

68.6 

73.5 

74.6 

71.4 

65.0 

56.7 

49.3 

48.0 

48.9 

46.7 

47.6 

51.6 

57.5 

64.0 

66.9 

71.3 

70.3 

66.3 

60.2 

53.9 

72.0 

52.6 

49.8 

49.4 

51.5 

55.6 

60.7 

65.2 

68.2 

68.6 

66.4 

62.2 

57.2 

96.0 

55.5 

52.6 

51.4 

52.1 

54.7 

58.5 

62.3 

65.4 

66.7 

65.9 

63.2 

59.4 

120.0 

57.6 

54.9 

53.3 

53.1 

54.5 

57.2 

60.3 

63.1 

64.8 

64.9 

63.4 

60.8 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

50.0 

48.0 

48.8 

52.4 

57.7 

63.4 

67.8 

70.0 

69.0 

65.5 

60.0 

54.5 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIV1TIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

D I FFUS I V I  TIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

72.7 

74.2 

74.6 

74.9 

75.3 

48.0 

67.7 

70.5 

71.3 

71.9 

72.7 

72.0 

63.6 

67. 1 

68.2 

69.0 

70.1 

96.0 

60.8 

64.2 

65.4 

66.3 

67.7 

120.0 

INTEGRATED 
AVERAGE  FROM 

59.1 

62.0 

63.1 

64.0 

65.5 

SURFACE 

TU  10  FT. 

66.6 

69.2 

70.0 

70.6 

71.5 

MADISON, S.D 
SILTY  CLAY 
GRASS  SOD 


ST-55 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  FARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


CLIMATOLOGICAL  DATA 


PERIOD  OF  OBSERVATION 


1961-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE (IN) 

J 

r 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

4.0 

24.6 

29.2 

32.4 

43.7 

61.2 

70.0 

73.2 

73.4 

62.6 

53.2 

40.7 

33.5 

9.0 

26.6 

30.5 

32.9 

41.6 

58.9 

67.7 

73.0 

72.4 

62.8 

54.0 

42.2 

35.9 

20.0 

27.0 

28.2 

3u.  3 

36.1 

51.1 

59.4 

66.0 

67.0 

60.6 

53.4 

43.4 

36.1 

40. 0 

31.7 

28.8 

29.1 

52.0 

45.0 

38.6 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 


DEPTH  BELOW 
SURFACE! IN) 

AVERAGE ( A ) 

AMPLITUOE(B) 

PHASE  ANGLE (P) 

STANDARD 

DEVIATION 

4.0 

50.1 

24.0 

C.  67 

2.2 

8.0 

50.1 

22.5 

0.73 

2.3 

20.0 

46.8 

19.7 

C.90 

1.9 

40.0 

42.4 

13.9 

1.27 

0.6 

CALCULATED  FARTH  TEMPERATURES  AT  OBSERVED  LEFTMSI*! 

MONTH  OF  YEAR 

DEFT-:  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

4.0 

22.8 

24.5 

31.7 

43.5 

55.9 

66.2 

TUI 

69.6 

61.8 

50.2 

3T.5 

27.7 

8.0 

24.5 

25.4 

31.6 

42.3 

54.0 

64.1 

69.3 

68.7 

62.0 

51.5 

39.5 

29.8 

20.0 

29.5 

29.3 

31.9 

39.7 

49.2 

58.4 

64.3 

65.  T 

61.8 

54.2 

44.3 

35.5 

40.0 

36.6 

33.6 

34.0 

38.0 

44.2 

51.4 

57.2 

60.4 

59.9 

55.9 

49.4 

42.5 

I  •»  BASIC  PARAMET  S'  ,  -V,  >  FOR  THE  CALCULATION 


A  «4T.O,BO*-26.0tPC-u«59  ,D«.OlC 


EARTH  TEMPERATURE  STATION 


mad:son,s.o 


s  i  a— t>r> 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 


FOR  DIFFUSIVITY 

'0.025 

A 

=  47. 

0  t  BO 

=  26. 

0  ANO 

PO* 

0.59 

MONTH 

OF 

YEAR 

DEPTH  BELOW 

SURFACE (IN)  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0  27.4 

27.0 

31.6 

40.6 

51.0 

60.  7 

66.4 

67.0 

62.0 

53.2 

42.4 

33.2 

48.0  33.2 

30.9 

32.7 

38.5 

46.3 

54.6 

50.6 

63.1 

61.1 

55.4 

47.2 

39.3 

72.0  37.9 

34.7 

34.7 

37.9 

43.5 

50.2 

55.8 

55. 2 

59.2 

56.0 

50.2 

43.7 

96.0  41.7 

30.2 

37.0 

38.4 

42.0 

47.  1 

52.0 

55.7 

57.0 

55.5 

51.7 

46.8 

120.0  44.6 

*.i.2 

39.4 

39.5 

41.6 

45.  2 

49.3 

52.8 

54.7 

54.5 

5 t 

48.7 

INTEGRATED 

AVERAGE  FRCM 

SURFACE  34.7 

TO  10  FT. 

32.7 

34.3 

39.4 

46.4 

53.8 

59.1 

61.3 

59.5 

54.5 

47.2 

40.  1 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  U 1  FEUS ! V  I T  I  E S 
AND  SEIECTEO  DEPTHS 


DEPTH  BELOW 

D I  FF'US  IV I  TIES 

SURFACE! IN) 

0.010 

O.OcO 

0.025 

0.030 

0.040 

24.0 

6A.6 

66.6 

67.0 

67.  3 

67.8 

48.0 

58.6 

62.2 

63. 1 

63.8 

64.8 

72.0 

53.5 

57.9 

59.2 

60.2 

61.6 

96.0 

49.8 

54.  3 

55.7 

56.9 

58.6 

120.0 

integrated 

AVERAGE  FROM 

47.5 

51.3 

52.8 

54.0 

55.9 

SURFACE 

TO  10  FT. 

57.1 

60.  3 

61.3 

62.1 

63.2 

EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURF AC F 

DATA  PROCESSED  BY 

DATA  SOURCE 


ST-50 

JACKSON, TENN. 

SILT  LOAN 
COARSE  GRASS 

US  WEATHER  R.C, 


PCRICC  OF  OBSERVATION  1949-1951 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


DEPTH  BELOW 
SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

4.0 

4  3.3 

43. ft 

50.6 

59. B 

67.6 

75.6 

79.0 

75.8 

70.1 

61.3 

44.7 

41.1 

12.0 

45.2 

45.1 

4B.0 

54.7 

64.5 

74.3 

76.6 

75.2 

70.1 

61.5 

47.3 

43.1 

24.0 

49.  1 

46. a 

50.7 

53.  8 

63.8 

60 . 8 

73. i 

73.4 

69.8 

65.  1 

51.6 

48.3 

48.0 

50.5 

5C.1 

51.3 

53.7 

60.2 

66.0 

69.7 

70.4 

69.6 

64.6 

56.8 

51.7 

72.0 

52.1 

51.4 

51.4 

52.2 

56.  B 

60.9 

64.1 

65.8 

67.3 

65.0 

60.  1 

53.8 

RESLLTS  UF  LEAST 
UEPTH  BELOW 

surfaceiinj  AVERAGF(A) 

SQUARES  ANALYSIS 

AMPL1TUDEIB)  PHASE 

ANGLE !P) 

STANDARD 

DEVIATION 

4.0 

59.5 

19.1 

C.49 

3.8 

12.0 

58.8 

17.5 

C.62 

3.2 

24.0 

59.6 

19. B 

0.77 

2.6 

48.0 

59.6 

10.9 

C.  94 

1.3 

72.0 

58.5 

8.2 

1.25 

1.2 

CALCULATEC  FARTH  TEMPERATURES  AT  OBSERVED  CEPTMSIO 

“OnTh  OF  year 

DEPTH  BEl Ox 


SURFACE!  IN 

i  J 

F 

H 

A 

N 

J 

A 

S 

0 

N 

D 

4.0 

40.9 

43." 

50.7 

60.6 

69.9 

76.9 

79.2 

76.2 

68.8 

59.3 

49.6 

43.0 

12.0 

42.4 

44.4 

50.2 

59.0 

67.8 

74.7 

77.6 

75.7 

69.4 

60.8 

51.8 

45.2 

24.0 

44.7 

45.5 

49.8 

5  Y.2 

65.0 

71.8 

75.2 

74.6 

69.9 

62.7 

54.6 

48.1 

48.0 

49.1 

48.1 

50.1 

54.9 

60.9 

66.9 

70.8 

71.9 

69.7 

65.0 

58.8 

53.1 

72.0 

52.8 

50.9 

51.3 

54.1 

58.3 

63.2 

67.1 

69.1 

68.7 

65.9 

61.4 

56.7 

(•1  BASIC  PARAMETERS  USCO  FOR  THE  CALCULATION 


•  ^6C.0,B0*jr .0, PC-0.44  ,D«.022 


EARTH  TEMPERATURE  STATION 


JACK SuN » TENN 


S  T  A- 5ft 


CALCULATEC  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 


FOP  DI FFUS  f  V I T Y  = 

0.025 

.  A 

=  60. G 

i  i  dO* 

20. 

0  AND 

PU  = 

4* 

• 

c 

MONTH 

OF 

YFAR 

DEPTH  BELOW 

SURFACE(IN)  J 

F 

M 

A 

M 

J 

J 

A 

S 

U 

N 

n 

24.0  44.4 

45.3 

49.8 

57.4 

65.4 

72.2 

75.5 

74.7 

69.8 

62.3 

54.2 

47.0 

46.0  48. 5 

47.7 

50.0 

55.  1 

61.4 

67.4 

71.4 

72.3 

69.8 

64.8 

58.3 

52.5 

72.0  52.1 

50.  3 

5i  .0 

54.  1 

58.7 

63.8 

67.8 

69.7 

66.9 

65.8 

61.0 

56.1 

96.0  5  5.0 

52.  » 

52.4 

54.1 

57.2 

61.3 

64.8 

67.2 

67.6 

65.9 

62.6 

50.7 

120.0  57.3 

55.0 

54.0 

54.6 

56.5 

59.5 

62.6 

65.0 

6ft.  0 

65.4 

63.3 

60.4 

INTEGRATED 

AVERAGE  FROM 

SURFACE  49.6 

40.1 

51 . 1 

55.6 

61.2 

66.6 

70.  1 

70.9 

68.7 

64.3 

58.5 

53.3 

10  10  FT. 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  JI  FEUS  I V I  T I  E  S 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

CIFFUSIVIT1ES 

SURFACE! IN) 

0.010 

0.020 

0.025 

C.  030 

0.040 

24.0 

73.4 

74.  5 

74.  7 

74.9 

75.2 

4R.0 

69.3 

71.7 

72.  3 

72.7 

73.4 

72.0 

65.5 

68.  R 

69.  . 

70.4 

71.3 

96.0 

62.  7 

66.  1 

67.2 

68.0 

69.  3 

120. C 

INTEGRATED 

AVERAGE  FROM 

60.8 

63.  9 

65.0 

£5. 9 

67.  3 

surface 

TO  10  FT. 

6  7.9 

70.  3 

70 .9 

71.5 

72.2 

EARTH  TEMPERATURE  STATION 

TYPE  OF  SOIL 

TYPE  OF  EARTH  SURFACE 

OAT  A  PROCESSED  8Y 

OATA  SOURCE 

PERIOD  OF  OBSERVATION 


ST-57 

TEMPLE  #  TEXAS 
ABILENE  CLAY 
HORTICULTURAL 

US  WEATHER  R.C. 

1919-1924 


OB5ERVEO  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE ! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

1.0 

50.8 

53.3 

59.4 

68.  3 

79.9 

85.3 

92.0 

92.5 

84.1 

72.6 

58.8 

53.0 

3.0 

50.7 

5?  .  7 

58.7 

67.8 

79.0 

84.9 

90.7 

92.3 

83.9 

71.8 

58.2 

52.7 

6.0 

51.8 

53.2 

58.8 

64.6 

78.3 

83.6 

89.8 

90.9 

83.3 

71.7 

61.0 

53.7 

12.0 

52.9 

53.9 

58.6 

65.8 

75.9 

83.5 

87.0 

88.6 

83.4 

73.5 

62.6 

55.4 

24.0 

55.9 

55.3 

58.6 

64.8 

72.6 

78.9 

83.1 

81.4 

82.6 

75.8 

65.6 

58.8 

36.0 

53.8 

57.6 

59.5 

64.2 

70.5 

76.5 

80.8 

83.8 

82.2 

77.9 

69.1 

62.1 

48.0 

55.5 

58.9 

60.2 

63.5 

67.8 

74.2 

78.4 

81.4 

81.0 

77.7 

70.8 

64.6 

RESULTS  OF  LEAST 

SQUARE?  ANALYSIS 

DEPTH  3EL0W 
SURFACEl IN) 

AVERAGF ( A ' 

AMPLITUDES) 

PHASE  ANGLE ( P ) 

STANDARD 

DEVIATION 

1.0 

70.9 

21.1 

C.60 

4.2 

3.0 

70.4 

20.9 

C.  61 

3.9 

6.C 

70. 1 

19.8 

0.67 

3.9 

12.0 

70.2 

18.2 

C.71 

2.9 

24.0 

70.0 

15.6 

0.86 

2.7 

36.0 

70.  3 

13.2 

1.02 

1.9 

48.0 

69.6 

12.1 

1.12 

4.0 

CALCULATED  FARTH  TEMPERATURES  AT  OBSERVED  DEPTHS!*) 

MONTH  OF  YEAR 

DEPTH  BELOW 


ACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

1.0 

49,3 

51.4 

58.1 

68.  * 

78.8 

87.  1 

90.7 

88.7 

81.5 

71.5 

60.7 

52.8 

3.0 

49.0 

51.6 

57.9 

67.9 

78  *  2 

86.5 

9J.2 

88.5 

81.6 

71.9 

6’  .4 

53.4 

6.0 

50.5 

52.0 

57.8 

67.  3 

77.3 

85.5 

89.4 

88.1 

81.8 

72.5 

62.3 

54.4 

12.0 

52.0 

52.7 

57.7 

66.3 

75.6 

83.7 

87.9 

87.3 

82.0 

73.6 

64.0 

56.2 

24.0 

54.9 

54,4 

57*7 

64.6 

72.7 

80.  3 

85.0 

85.6 

82.0 

75.3 

66.9 

59.6 

36.0 

57.6 

54.2 

58.2 

63.6 

70.5 

77,4 

82.2 

83.8 

81.6 

76.3 

69.2 

62.5 

48.0 

60.0 

58.0 

59.0 

63.0 

68.7 

75.0 

79.8 

82.0 

80.9 

76.9 

71.0 

64.9 

(*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  *70.0*B0-2I»0fPCS!0.58  ,D=.0l9 


EARTH  TEMPERATURE  STATION 


STA-5? 

TEMPLE, TEXAS 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  CEPTHS 

FOR  DIFFUSIVITY=0.025,  A»  70.0  ,80*  21.0  AND  P0»  0.58 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

54,  1 

51.3 

57.7 

65.0 

73.4 

81,2 

85.7 

86.  1 

82.0 

74.9 

66.2 

58.7 

48.0 

58.7 

57.0 

58.5 

63.2 

69.6 

76.3 

81.1 

83.0 

81.3 

76.  7 

70.1 

63.6 

72.0 

62.6 

60.1 

60.1 

62.8 

67.3 

72.7 

77.2 

79.9 

79.8 

77.2 

72.5 

67.2 

96.0 

65.7 

62.9 

61.9 

63.  1 

66.1 

70.2 

74.1 

77.  1 

78.0 

76.9 

73.7 

69.7 

120.0 

68.0 

65.9 

63.8 

64.0 

65.7 

68.6 

71.9 

74.7 

76.2 

76.0 

74.2 

71.3 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

60.0 

58.4 

59.8 

64.0 

69.6 

75.6 

79.9 

81.6 

80.1 

75.9 

70.1 

64.3 

TO  10  FT. 


CALCULATEC  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  01 FFUS I VI T I ES 
ANO  SELECTED  DEPTHS 


DEPTH  BELOW 

D I FFUSI V  IT IES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

84.3 

85.8 

86.1 

86.4 

86.7 

48.0 

79.4 

82.  3 

83.0 

83.6 

84.3 

72.0 

75.3 

78.9 

79.9 

E0.7 

81.8 

96.0 

72.3 

75.9 

77.1 

78.0 

79.4 

120.0 

integrated 

AVERAGE  FROM 

70.4 

73.5 

74.7 

75.7 

77  c  2 

SURFACE 

TO  10  FT. 

78.1 

80.8 

81.6 

82.2 

83.  1 

ST-58 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  CF  EARTH  SURFACE 

OATA  PROCESSED  BY 

DATA  SOURCE 


TEMPLE t TEXAS 

UNKNOWN 

UNKNOWN 

E.M.FITTON 

REFERENCE!*) 


PERICO  OF  OBSERVATION 


1918-1924 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

1.0 

53.1 

52.6 

59.4 

69.1 

78.8 

88.6 

93.7 

93.2 

83.8 

72.6 

59.8 

52.6 

3.0 

53.2 

52.3 

58.6 

67.9 

78.3 

86.5 

92.2 

93.3 

83.9 

73.1 

60.2 

52.8 

6.0 

53.3 

52.7 

58.7 

67.5 

77.3 

85.6 

91.7 

92.3 

83.8 

73.3 

60.9 

53.4 

12.0 

54.6 

53.5 

58.1 

65.9 

74.9 

83.4 

87.8 

88.9 

83.8 

74.8 

62.9 

55.4 

24.0 

56.9 

55.2 

58.2 

64.8 

72.1 

78.9 

84.2 

86.9 

83.6 

76.3 

67.0 

59.5 

36.0 

59.6 

57.4 

59.0 

64.2 

70.2 

76.4 

81.7 

84.4 

83.3 

78.7 

71.0 

62.9 

48.0 

61.1 

58.9 

59.0 

63.6 

68.7 

74.0 

79.2 

82.2 

82.1 

79.2 

73.2 

65.0 

RESULTS 

UF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 

STANDARD 

SURFACE! IN )  AVERAGE ( A ) 

AMPLITUDE(B)  PHASE 

ANGLE! P) 

DEVIATION 

1.0 

71.5 

21.5 

0.60 

1.7 

3.0 

71.1 

21.0 

C.64 

1.8 

6.0 

71.0 

20.4 

0.66 

1.6 

12.0 

70.4 

18.3 

C.74 

1.2 

24.0 

70.4 

15.6 

0.90 

0.9 

36.0 

70.8 

13.5 

1.08 

0.7 

48.0 

70.6 

12.1 

1.22 

0.7 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  CEPTHS!*) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE  I  IN ) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

1.0 

50.3 

52.2 

58.7 

68.9 

79.4 

87.9 

91.6 

89.9 

82.8 

72.9 

62.1 

54.0 

3.0 

50.9 

52.5 

58.6 

68.5 

78.7 

87.2 

91.1 

89.6 

93.0 

73.4 

62.8 

54.7 

6.0 

51.7 

52.9 

58.5 

67.9 

77.8 

86.1 

90.2 

89.2 

83.1 

74.0 

63.8 

55.8 

12.0 

53.3 

53.7 

58.4 

66.8 

76.0 

84.1 

88.6 

88.3 

83.3 

75.1 

65.6 

57.7 

24.0 

56.4 

55.6 

58.6 

65.1 

73.0 

80.6 

85.4 

86.4 

83.2 

76.7 

68.6 

61.3 

36.0 

59.3 

57.6 

59.2 

64.2 

70.8 

77.6 

82.5 

84.4 

82.6 

77.7 

70.9 

64.3 

48.0 

61.9 

59.5 

60.1 

63.7 

69.1 

75.2 

79.9 

82.4 

81.8 

78.2 

72.6 

66.8 

(*)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 


A  *71 . Oi BO=2 1.0|P0=0.60  »D*.0i6 


EARTH  TEMPERATURE  STATION 


TEMPLE, TEXAS 


STA-58 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DIFFUS1VITY=0.G25,  A*  71.0  • BO®  21. C  AND  P0«  0.59 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE  1  IN  J 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

55.2 

54.9 

58.6 

65.8 

74.3 

82.  1 

86.7 

87.2 

83.1 

76.0 

67.3 

59.8 

48.0 

59.8 

58.0 

59.5 

64.1 

70.5 

77.2 

82.0 

84.0 

82.4 

77.8 

71.2 

64.7 

72.0 

63.7 

61.1 

61.1 

63.7 

68.2 

73.6 

78.1 

80.9 

80.9 

78.3 

73.6 

68.3 

96.0 

66.7 

63.9 

62.9 

64.1 

67.0 

71.1 

75.1 

78. 0 

79.1 

77.9 

74.8 

70.8 

120.0 

69.0 

66.3 

64.8 

64.9 

66.6 

69.6 

72.8 

75.7 

77.2 

77.0 

75.2 

72.4 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

61.1 

59.4 

60.7 

64.9 

70.5 

76.5 

80.8 

82.6 

81.1 

77.0 

71.2 

65.4 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUS I VI T I ES 
AND  SELECTED  DEPTHS 


OEPTH  BELOW 

0IFFUS1VITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

85.  3 

86.8 

87.2 

87.4 

87.8 

48.0 

80.4 

83.2 

84.0 

84.6 

85.3 

72.0 

76.2 

79.8 

80.9 

81.7 

82.8 

96.0 

73.2 

76.9 

78.0 

79.0 

80.4 

120.0 

INTEGRATED 

AVERAGE  FROM 

71.4 

74.5 

75.7 

76.6 

78.2 

SURFACE 

TO  10  FT. 

79.1 

81.8 

82.6 

83.2 

84.  1 

EARTH  TEMPERATURE  STATION 

TYPE  QF  SOU 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 

PERIOD  OF  OBSERVATION 


ST-59 

SALT  LAKE  CITY.UTA 

SANDY  LOAM 

BARE 

CLIMATOLOGICAL  DATA 
1960-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE i IN) 

J 

F 

M 

A 

M 

J 

J 

A 

s 

0 

N 

D 

4.0 

30.5 

33.5 

39.0 

52.5 

60.7 

67.9 

71.2 

69.1 

60.4 

51.1 

40.0 

32.1 

8.0 

31.3 

33.5 

38.8 

51.7 

59.6 

67.0 

70.5 

69.3 

60.7 

52.1 

41.2 

33*2 

20.0 

32.0 

34.4 

38.2 

49.0 

56.1 

63.2 

67.1 

67.5 

60.3 

53.3 

43.7 

36.1 

39.0 

37.1 

35.0 

39.0 

47.4 

55.2 

60.1 

64.9 

66  •  8 

61.4 

55.8 

46.3 

40.7 

RESULTS 

OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 

STANDARD 

SURFACE! IN)  AVERAGE 1  A ) 

AMPLITUDE(B) 

PHASE  ANGLE !P) 

DEVIATION 

4.0 

50.8 

20.6 

C.51 

2.6 

8.0 

50.8 

20.0 

0.55 

2.5 

20.0 

50.2 

17.5 

C.66 

2.3 

39.0 

50.8 

15.3 

0.81 

2.1 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVED  DEPTHS ( • ) 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

4.0 

30.7 

33.5 

40.6 

51.0 

61.0 

68.6 

71.3 

68.5 

60.9 

50.9 

40.6 

33.3 

8.0 

31.4 

33.8 

40.4 

50.3 

60.1 

67.7 

70.6 

68.3 

61.1 

51.5 

41.5 

34.2 

20.0 

33.4 

34.7 

40.0 

48.6 

57.6 

65.0 

68.6 

67.4 

61.7 

53.3 

44.0 

36.9 

39.0 

36.5 

36.3 

39.8 

46.6 

54.3 

61.3 

65.4 

65.7 

61.9 

55.3 

47.3 

40.6 

(•I  BASIC  PARAMETERS  USEO  FOR  THE  CALCULATION 


A  *51.0,80«21.0.PC*0.48  ,C».035 


EARTH  TEMPERATURE  STATION 


STA-59 

SALT  LAKE  CITY.UTA 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  DIFFUS lVITY*0.025t  A*  51.0  tB0«  21. C  AND  P0«  0,48 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

24.0 

34.8 

35.4 

39.8 

47.6 

56.0 

63.3 

67.2 

66.7 

61.8 

54.3 

45.6 

38.6 

48.0 

39.2 

38.0 

40.2 

45.4 

51.9 

58.4 

62.7 

64.0 

61.6 

56.5 

49.8 

43.5 

72.0 

42.9 

40.9 

41.4 

44.5 

49.3 

54.6 

58.9 

61.1 

60.5 

57.4 

52.5 

47.3 

96.0 

46.0 

43.5 

43.0 

44.6 

47.8 

52.0 

55.8 

58.4 

59.0 

57.4 

54.0 

49.9 

120.0 

48.4 

45.9 

44.7 

45.2 

47.2 

50.3 

53.5 

56.1 

57.3 

56.8 

54.7 

51.7 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

40.5 

39.5 

41.4 

46.0 

51.8 

57.6 

61.4 

62.5 

60.4 

55.9 

49.9 

44.4 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OlFFUflYlTIES 
AND  SELECTED  DEPTHS 


OEPTH  BELOW 

OIFFUSIVITIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

65.  1 

66.  4 

66.7 

66.9 

67.2 

48.0 

60.7 

63.3 

64.0 

64.5 

65.1 

72.0 

56.7 

60.  1 

61.1 

61.8 

62.9 

96.0 

53.7 

57.  3 

58.4 

59.3 

60.7 

120.0 

INTEGRATED 
AVERAGE  FROM 

51.7 

54.9 

56.1 

57.1 

58.5 

SURFACE 

TO  10  FT. 

59.3 

61.8 

62.5 

63.1 

63.9 

EARTH  TEMPERATURE  STATION 

TYPE  CF  SOIL 

TYPE  OF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


ST-59 

SALT  LAKE  CITY.UTA 

SANOY  LOAM 

BARE 

CLIMATOLOGICAL  OATA 


PERIOD  OF  OBSERVATION  1960-1962 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

s 

0 

N 

D 

A  *  0 

30.5 

33.5 

39.0 

52.5 

60.7 

67.9 

71,2 

69.1 

60.4 

51.1 

40.0 

32.1 

8.0 

31.3 

33.5 

38.8 

51.7 

59.6 

67.0 

70.5 

69.3 

60.7 

52.1 

41.2 

33.2 

20.0 

32.0 

34.4 

38.2 

49.0 

56.1 

63.2 

67.1 

67.5 

60.3 

53.3 

43.7 

36.1 

39.0 

37.1 

35.0 

39.0 

47.4 

55.2 

60.1 

64.9 

66*8 

61.4 

55.8 

46.3 

40.7 

RE  SLITS  OF  LEAST  SQUARES  ANALYSIS 

OEPTH  BELOW  STANDARD 


SURFACE! IN) 

AVERAGE ( A ) 

AMPLITUOE(B) 

PHASE  ANGLE !P) 

DEVIATICW 

4.0 

50.8 

20.6 

C.51 

2.6 

8.0 

50.8 

20.0 

0.55 

2.5 

20.0 

50.2 

17.5 

C.66 

2.3 

39.0 

50.8 

15.3 

0.81 

2.1 

CALCULATED  EARTH  TEMPERATURES  AT  OBSERVEO  CEPTHS  t • I 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

N 

J 

J 

A 

S 

0 

N 

D 

4.0 

30.7 

33.5 

40.6 

51.0 

61.0 

68.6 

71.3 

68.5 

60.9 

50.9 

40.6 

33.3 

8.0 

31.4 

33.8 

40.4 

50.3 

60.1 

67.7 

70.6 

66.3 

61.1 

51.3 

41.5 

34.2 

20.0 

33.4 

34.7 

40.0 

48.6 

57.6 

65.0 

68.6 

67.4 

61.7 

53.3 

44.0 

36.9 

39.0 

36.5 

36.3 

39.8 

46.6 

54.3 

61.3 

65.4 

65.7 

61.9 

55.3 

47.3 

40.6 

(•)  BASIC  PARAMETERS  USEO  FOR  THE  CALCULATION 
A  *51. 0,80-21.0, PC-0. 48  ,C-.035 


ST-60 


EARTH  TEMPERATURE  STATION 

TYPE  OF  SOIL 

TYPE  OF  EARTH  SURFACE 

OATA  PROCESSEO  BY 

DATA  SOURCE 


BURLINGTON*  YT • 

UNKNOWN 

BARE 

JEN-HU-CHANG 
REFERENCE! 5 1 


PERIOD  OF  OBSERVATION 


1951-1955 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

0 

0.2 

29.5 

29.6 

32.7 

45.5 

58.6 

69.9 

76.2 

72.1 

62.5 

49.4 

38.0 

32.2 

1.0 

29.5 

30.0 

34.5 

45.7 

58.2 

69.8 

77.2 

71.5 

61.7 

48.3 

37.4 

32.5 

3.0 

29.6 

29. R 

32.7 

45.0 

57.7 

69.2 

76.3 

71.4 

61.4 

48.8 

37.4 

32.6 

RESULTS  OF  LEAST  SQUARES  ANALYSIS 

DEPTH  BELOW  STANDARO 


SURFACE! IN) 

AVERAGE (A) 

AMPLITUDES) 

PHASE  ANGLES) 

DEVIATION 

0.2 

50.0 

24.0 

C.62 

2.7 

1.0 

49.8 

23.4 

0.59 

2.6 

3.0 

49.5 

23.2 

C.61 

2.6 

EARTH  TEMPERATURE  STATION 


STA-60 

BURL INGTUN*  VI . 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  EEPTMS 

FOR  DIFFUSiy|TY»0.025#  A»  49.0  ,bO*  26.0  AND  PO*  0.60 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE! IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

H 

0 

24.0 

29.5 

29.0 

3  3.5 

42.4 

52.8 

62.5 

68.3 

69.0 

64.2 

55.4 

44.6 

35.3 

40.0 

35.2 

32.9 

34.6 

40.4 

48.2 

56.5 

62.5 

65.1 

63.2 

57.5 

49.4 

41.4 

72,0 

40.0 

36.8 

36.7 

19.9 

45.4 

5?.l 

57.7 

61.2 

61.3 

58.  1 

52.3 

45.8 

96.0 

43.8 

40.1 

39.0 

40.4 

44.0 

49.0 

54.0 

57.7 

59.0 

57.6 

53.8 

48.9 

120.0 

46.6 

43.? 

41.4 

41.5 

43.5 

47.2 

51.2 

54.7 

56.7 

56.5 

54.3 

50.8 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

36.8 

34.7 

36.? 

41.3 

48.3 

55.7 

61.0 

63.  3 

61.6 

56.6 

49.4 

42.2 

TO  10  FT. 


CALCULATEC  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSI V! TIES 
AND  SELECTED  DEPTHS 


OEPTH  BELOW 

D I FFUS IV I  TIES 

SURFACE! IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

66.8 

68.6 

69.0 

69.  . 

69.8 

48.0 

60.6 

64.2 

65.  1 

65.8 

66.6 

72.0 

55.4 

59.9 

61.2 

62.2 

63.6 

96.0 

51.7 

56.2 

57.  / 

58. fl 

60.6 

120.0 

INTEGRATED 
AVERAGE  FROM 

49.5 

53.2 

54.  r 

t5.9 

57.8 

SURFACE 

TU  10  FT. 

59.0 

62.  3 

63.  3 

64.1 

65.2 

ST-61 


EARTH  TEMPERATURE  STATION 

TYPE  OF  SOU 

TYPE  CE  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


PULLMAN.WASH 
SILTY  LOAN 
VE CE  TAT I  ON 
JEN-HU-CHANG 
REFERENCE! 5) 


PERIOD  OF  OBSERVATION 


1943-mi 


OBSERVEO  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 

SURFACE!  IN)  JFMAMJJASO 

1.0  33.7  33.4  38.3  50.1  65.1  74.6  66.1  84.5  7 5.2  58.5 
6.0  36.8  37.5  41.5  51.6  60.1  66.7  75.5  75.7  67.5  55.6 


RESLLTS  OF  LEAST  SQUARES  ANALYSIS 
OE°TM  BELOW 

SURFACE! IN)  AVERAGE ( A )  AMPLITUDE ( B )  PHASE  ANGLE  IP) 

1.0  56.7  26.9  C.69 

6.0  54.7  19.8  0.67 


N  0 

43.0  36.4 
44.1  40.2 


STANOARO 

DEVIATION 

2.6 

1.9 


EARTH  TEMPERATURE  STATION 


STA-61 

Pullman*  mash* 


CAlCULATfC  ?, 

ARTH 

TEMPERATURES  AT 

SfcLECTEO 

CEPTHS 

FOR  DiFFUS 

depth  BELOW 

1  VI  TV- 

•0.025 

MONTH 

f  A*  4  8  •  0  t  80* 

1  Of  YEAR 

‘  22.1 

0  AND 

PO* 

0.60 

SURFACE  t IN?  J 

F 

M 

A 

M 

J 

J 

A 

S 

C 

H 

0 

24.0  31.5 

31.1 

34.9 

42.4 

51.3 

59.5 

64.4 

65.0 

60.8 

53.4 

44.3 

36.4 

48.0  36.4 

34.4 

IS.  9 

40*7 

47.3 

54.3 

S9.5 

6.1 . 6 

60.0 

55.2 

40.3 

41.6 

72.0  40.4 

37.7 

37.6 

40.3 

44.9 

50.6 

55.4 

58.3 

58.4 

55.7 

50.8 

45.3 

96.0  4  3.6 

40.6 

39.6 

40.7 

43.7 

48.0 

52.2 

55.3 

66.4 

55.3 

52.1 

47.9 

120.0  46.0 

integrated 

AVERAGE  FROM 

43.1 

41.6 

41.6 

43.4 

46.5 

49.8 

52.8 

54.5 

5*,. 4 

52.5 

4  #.5 

SURFACE  37.6 

TO  10  FT. 

35.9 

3  7.2 

*1.5 

47.4 

53.6 

58.2 

60* 1 

58.7 

54.4 

48.3 

42.3 

CALCULATED  AUGUST  EARTH  TEMPERATURE  AT 

SELECTED 

OfFFuSI Vi  TIES 

AND 

SELECTED  DEPTHS 

DEPTH  below 

CIFFUSJVITieS 

SURFACF(IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24. C 

63.0 

64.6 

65.0 

65.2 

65.6 

48.0 

57.8 

60.  R 

61.6 

62.2 

63.0 

72.0 

63.4 

57.2 

58.3 

59.2 

o0.4 

96.0 

50.3 

54.  1 

>5.  J 

$6.3 

57.8 

120.0 

48.4 

51.6 

52.  H 

53.9 

55.5 

INTEGRATED 

AVERAGE  FROM 

surface 

56.5 

69.  3 

60.  1 

to. a 

61.7 

TO  1C  FT. 

ST-6? 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOU 

TYPE  CF  EARTH  SURFACE 

DAI  A  PROCESSED  BY 

DATA  SOURCE 


PULLMAN* WASH. 
UNKNOWN 
BLUE  GRASS  SOD 
E.P.FITTON 
REFERENCE 141 


PERIOD  OF  OBSERVATION 


1912-1919 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE (IN)  J 

F  M  A 

M 

J 

J 

A 

S 

0 

N 

0 

1.0  31. 7 

46.5 

60.2 

62.7 

66 . 0 

75.4 

60.2 

42.0 

40.0 

33.2 

2.0  31.9 

45.4 

57.8 

63.2 

65.9 

73.2 

58.9 

42.0 

39.9 

33.7 

6.0  32.3 

44.7 

54.9 

62.  3 

64.8 

70.2 

57.2 

42.4 

40.4 

34.5 

12.0  32.7 

44.6 

52.8 

62.2 

64.9 

67.7 

56.7 

45.0 

42.2 

36.0 

24.0  35.6 

44.3 

$0.6 

59.0 

62.8 

66.5 

58.5 

48.5 

45.0 

39.2 

36.0  37.5 

44.1 

48.9 

56.3 

60.9 

64.8 

58.9 

50.9 

47.4 

41.9 

RESULTS  OF 

LEAST  SQUARES  ANALYSIS 

DEPTH  BELOW 

STANOARD 

SURFACE  TIN) 

AVERAGE { A ) 

ANPL ITU0EC8) 

PHASE  ANGLE (PI 

DEVIATION 

1.0 

49.1 

19.8 

0.55 

4.9 

2.0 

48.5 

19.2 

£.56 

4.3 

6.0 

47. P 

17.8 

0.58 

3.7 

12.0 

48.0 

16.8 

C.63 

2.8 

24.0 

48.6 

14,7 

0.78 

2.2 

36.0 

48.9 

13.0 

C.92 

1.8 

EARTH  TEMPERATURE  STATION 


STA-62 

PULLMAN, WASH. 


CALCULATED  EARTH  TEMPERATURES  AT  SELECTED  DEPTHS 

FOR  0IFFUSIVI7Y*0.025,  A*  48.0  ,60*  19,0  AND  PO*  0.50 

MONTH  OF  VFAR 

DEPTH  BELOW 


SURFACE ( IN } 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

33,4 

33.8 

37.7 

44.6 

52.3 

59.0 

62.6 

62.3 

58.0 

51.2 

43.4 

37.0 

48.0 

37.  , 

36.3 

38.  1 

42.7 

48.6 

54.5 

58,5 

59.7 

57.7 

53*2 

47.1 

41.4 

72.0 

40.8 

38.9 

39 » 2 

42.0 

46.3 

31  1 

55.0 

57.1 

56.7 

54.0 

49.5 

44.8 

96.0 

43.6 

41.3 

40.7 

42. 1 

45.0 

48.8 

52.2 

54.7 

55.2 

53.9 

50.9 

47*2 

120,0 

45.7 

43.4 

42,3 

42.7 

44.4 

47.2 

5Q.1 

52.5 

53.7 

53.3 

51.4 

48.7 

integrated 

AVERAGE  FROM 

SURFACE 

38.6 

37.6 

39.2 

43.3 

48.5 

53.8 

57.3 

58.4 

56.7 

52.6 

47.2 

42.2 

TO  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  OIFFUSIVITIES 
AND  SELECTED  DEPTHS 


DEPTH  below 

C I FFUS1 V 1  TIES 

SURFACE ( IN ) 

0.010 

0.020 

C.025 

0.030 

0.040 

24.0 

60.8 

62.0 

62.3 

62.5 

62.8 

48.0 

56.7 

59.  1 

59.7 

60.2 

60.8 

72.0 

53.1 

56.2 

57.1 

57.8 

58.8 

96.0 

50.3 

53.6 

54.7 

55.5 

56.7 

120.0 

INTEGRATED 

AVERAGE  FROM 

48.6 

51.  5 

52.5 

53.4 

54.8 

SURFACE 

TO  10  FT. 

55.5 

57.8 

50.4 

59.0 

59.7 

sr-6i 


EARTH  TEMPERATURE  STATION 

TYPE  CF  SOR 

TYPE  GF  EARTH  SURFACE 

DATA  PROCESSED  BY 

DATA  SOURCE 


SEAT TIE* WASH. 
SAND  OVER  CLAY 
8UE  GRASS 
JFN-HU- CHANG 
REFERENCE l 5 ) 


PERIOD  OF  OBSERVATION 


1948-1950 


OBSERVED  MONTHLY  AVERAGE  EARTH  TEMPERATURES 


MONTH  OF  YEAR 


DEPTH  9E10W 
SURFACE  1 1 M  3 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

19.7 

38.9 

39.6 

45.4 

49.7 

55.7 

60.4 

62.8 

64.3 

61.9 

55.3 

50.1 

45.0 

49.2 

43.9 

41.9 

45.7 

46.4 

52.0 

55.4 

59.9 

61.2 

55.7 

56.9 

53.2 

49.1 

88.6 

48.3 

45.1 

46.5 

48.5 

50.9 

52.6 

56.0 

57.7 

58.2 

56.7 

54.1 

51.8 

128.0 

51.2 

48.7 

48.1 

49.3 

54.7 

51.5 

54.1 

60.6 

56,3 

55.8 

54.1 

53.0 

i.67 . 3 

52.9 

51.3 

50.2 

50.6 

51.0 

51.4 

53.5 

55.0 

56.1 

56.0 

54.9 

54.2 

206.7 

52.3 

52.4 

51.7 

51.2 

51.2 

51.3 

52.8 

53.9 

54.5 

54.  7 

54.1 

53.9 

RESULTS  OF  LEAST 

SQUARES  ANALYSIS 

DEPTH  BELOW 
SURFACE l i N ) 

AVERAGE  1  A ! 

AMPUTUDEIB) 

PHASE  ANGLE C  PI 

STANDARD 

DEVIATION 

19.7 

52.5 

12.1 

0.79 

1.2 

49.2 

52.0 

8.2 

1.04 

1.6 

88.6 

52.2 

6.0 

1.37 

0.7 

128.0 

53.  1 

4.3 

1.40 

1,9 

167.3 

53.  1 

2.9 

1.95 

0.3 

206.7 

52.8 

1.8 

2.14 

0.4 

CALCULATED  EARTH 

TEMPERATURES  AT 

OBSERVED 

CEPTHSU) 

MONTH  OF 

YEAR 

DEPTH  BELOW 

SURFACE ( 

IN)  J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

19.7 

40.8 

4C.7 

43.6 

49.3 

55.8 

61.7 

65.1 

65.3 

62.1 

56.6 

49.9 

44.2 

49.2 

44.5 

43.  1 

44.3 

47.9 

52.7 

57.8 

61.4 

62.9 

61.6 

58.1 

53.0 

48.2 

88.6 

48.4 

46.4 

46.0 

47.6 

50.5 

54.2 

57.5 

59.6 

59.9 

58.4 

55.3 

51.8 

128. 0 

51.  1 

49.1 

48.0 

48.3 

49.7 

52.2 

54.7 

56.9 

58.0 

57.7 

56.2 

53.8 

167.3 

52.9 

51.1 

49.9 

49.4 

49.9 

51.3 

53.1 

54.9 

56.2 

56.6 

56.1 

54.7 

206.7 

53.7 

52.4 

51.3 

50,5 

50.5 

51.  1 

52.2 

53.5 

54.8 

55.5 

55.5 

54.9 

{«)  BASIC  PARAMETERS  USED  FOR  THE  CALCULATION 
A  =53.Q»HQ=15.0»PC=0.64  ,0=.034 


EARTH  TEMPERATURE  STATION 


STA-63 

SEATTLE, WASH. 


CALCULATED  earth  temperatures  at  selected  depths 

FOR  DIFFUS 1VI TY*0.025,  A  =  53.0  .B0=  15.0  AND  PO*  0.64 

MONTH  OF  YEAR 

DEPTH  BELOW 


SURFACE  I  IN) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

24.0 

41.9 

41.4 

43.7 

43.8 

54.8 

60.4 

64.0 

64.7 

62.1 

57.1 

50.9 

45.5 

48.0 

45.3 

43.7 

44.6 

47.7 

52.2 

57.0 

60.6 

62.3 

61.3 

58.2 

53.6 

48.9 

72.0 

48.0 

46.0 

45.8 

47.5 

50.6 

54.5 

57.8 

59.9 

60.1 

58.4 

55.2 

51.5 

96.0 

50.2 

48.1 

47.3 

47.9 

49.9 

52.8 

55.7 

57.9 

88.8 

58.1 

56.0 

53.2 

120.0 

51.8 

49.8 

48.7 

48*6 

49.7 

51.8 

54.1 

56.2 

57.4 

57.4 

56.2 

54,2 

INTEGRATED 

AVERAGE  FROM 

SURFACE 

4  6.1 

cr 

• 

45.5 

48*3 

52.2 

56.  5 

59.8 

61.2 

60.4 

57.7 

53.5 

49.4 

ro  10  FT. 


CALCULATED  AUGUST  EARTH  TEMPERATURE  AT  SELECTED  DIFFUSIVITIES 
AND  SELECTED  DEPTHS 


DEPTH  BELOW 

CIFFUSIVITIES 

SURFACei IN) 

0.010 

0.020 

0.025 

0.030 

0.040 

24.0 

63.3 

64.4 

64.  1 

64.9 

65.1 

48.0 

59.  fa 

61.  7 

62.3 

62.  7 

63.3 

72.0 

56.6 

59.2 

59.9 

60.5 

61.4 

96.0 

54.5 

57.0 

57.9 

58.6 

59 , 6 

120.0 

INTEGRATED 

AVERAGE  FROM 

53.2 

55.  3 

56.2 

56.9 

58.0 

SURFACE 

TO  10  FT. 

58,  7 

60.7 

61.2 

61.7 

62.4 

